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Photonuclear Data-Abstract Sheets
1955-1982

I. Introduction

As used in connection with this collection of data-abstract sheets, the term
photonuclear data is taken to mean any data leading to information on the electro-
magnetic matri x element between the ground state and exci ted states of a given nuclide.
The most common types of reactions included in this compilation are: (e,e'), (y,y),
( y ,

y
' ) , (y,n), (y,p), etc. as well as ground-state particle capture reactions, e.g.

(ct,y 0 ). Two reactions which fit the matrix element criterion are not included in

the compilation because of their rather special nature. These are heavy particle
Coulomb excitation and the thermal neutron capture reaction (n,y 0 ) . While the energy
region of particular interest extends from 0 to 150 MeV, papers are indexed which
report measurements in the region from 150 MeV to 4 GeV. Most of the experiments
listed are concerned with the excitation energy range from 8 to 30 MeV, the region
of the photonuclear giant resonance.

The hierarchical grouping of the photonucl ear data-abstract sheets wi thin the fi le

is by: 1. Target Element, 2. Target Isotope, and 3. by the Bibliographic
Reference Code assigned to the paper from which the data on the sheet were abstracted.
In this file, colored pages are used to mark the beginning and end of the sheets for
each chemical element. A brief historical sketch of the element is given on the divider
sheet marking the start of each secti on; the information for this sketch was derived
from references such as the Encycl opaedi a Bri tannica. In those cases where the sheets

for a given element make up a major part of a volume, colored pages are also used to

delineate sections pertai ni ng to the individual isotopes of the element. Each of tne

sections of the file, as delineated by two colored divider sheets, represents a 27 year
history of the study of el ectromagneti c interactions in either a specific nuclide or a

specifc element.

The data-abstract sheets are filed under the element and/or isotope in which the

ground-state el ectromagneti c transi ti on takes place. For example, the abstract sheet

for a total neutron yield measurement for a naturally occurring copper sample would
appear in the elemental section of the copper file. On the other hand, a measurement
of the 9.73 minute positron activity produced in the same sample by photons

with energies below the three-neutron separation energy for 65cu (28.68 MeV) would
be filed with the sheets for Similarly a measurement of the ground-state
neutron capture cross section in 12q would be filed under while the corresponding
ground-state alpha-particle capture cross section would be filed unaer 16q.

At the end of this volume there is a master list of the abbreviations that have
been used in the index section of the abstract sheets. The listings are those used

in the final published index, Photonuclear Data Index, 1973-1981
,

NBSIR 82-2543,

i ssued i n August 1982 by the U . S. Department of Commerce, National Bureau of Standards,
Washi ngton, DC 20234. In some cases two notations are entered for the same quantity.

The second entry is the abbreviation that was used in one or more of the earlier

published editions of the index.
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A - 1 1

-CARBON

-Z=6

Carbon exists in three allotropic forms; diamond, graphite,
and amorphous carbon. Ancient Hindu writings indicate that
diamonds were known at least as early as 1200 B. C. The
word diamond is a corruption of the Greek word adamas "the
invincible". Graphite was often confused with other minerals
having a similar appearance; its first recognition is obscured
in antiquity. C. W. Scheele demonstrated in 1779 that graphite
oxidized to caroon dioxide. This was the first proof of the
chemical constitution of this important gas. The name graphite
comes from the Greek verb grapkein "to write"; the name originated
with A. G. Werner, the father of German geology, in 1789. A=1 <

Amporphcus carbon is generally obtained by some type of thermal
decomposition or partial combustion of natural organic matter
such as coal, petroleum, gas, and timber. Historical references
to these related carbon compounds abound in the literature.
The inhabitants of the ancient city of Mineveh (founded not
later than 6000 3. C.) used an asphalt based mortar for construction.
Some translations of the Old Testament call this material "pitch"
or "slime". Noah was told, when building his ark, to "pitch it

within and without with pitch". When the Tower of Babel was
built. Noah's descendants "had brick for stone, and slime had
they for mortar".

f

3

A=n





?.«. A. M . J ame s

Nuclear Phys. 24, 675 (I9cl)

Eiemo Svm.

c

I

Ref. No.

11

Method
1.4- MeV Cockcrofc-Walton generator; Nal

:1 Ja 2 JHH

a
° ^

ad E

1.14 (2j+i)r
y
= 5/a-

ICev

Reaction AE Notes

bmp,y)
So

IE = 9.7^ MeV; W(3 )=l-r(0.21±0.0c)Poyo x y ' 1

( cost

MeV

<5 74 5/2 - («*,• *)

3 46
,

*
.

3*3 (5/2- m)
3.1 t

6.90
4.48 7 / 2 -
5.34

4 8 ' ( 3 / 2 - *)

4.32 5/2 -

0 3 / 2 -

Fi?. 3 . Decay seneme oi the ’) 74 MeV C :i level.

Taolc J

I! vTx-nmentai rja.rtt.il -nv Viviens

•'av i r. . 1 ; M I

/ .

!:?•»

7 I HI

-Cpm H 3S-4 1 3
«3-’-43)
J JCCMM-OC 1 8 550-°43

J.S. 3£P*P T ^ENT CF COMMEPCi
NATIONAL 3UPSAU OF stanoar:

PHOTONUCLEAR DATA SHEET 5



Ret. T.R.. Ophel, R.N. Glover, E.W. Titterton
Nuclear Phys. . 198 (1962)

Elem. 5ym. A

11

Method
Tandem van ae Graaff; Nal

Ret. No.

62 Op 2 JHH

Reaction AE <rd E J n Notes

B
10

(

P

.7q ) 2. 4-7.

2

lid • CC cr(p,7o) daca given in curves III in

Figure 2.

9 = 0° on (p, 7q )

j.s. department :f commerce
NATIONAL 3UREAU CF STANOAPC:

fo rm N BS-4 i 8
1 3 *

1

3

)

USCCMveOC 1 8 35 3- D *5 3

PH0T0NUCLEAR DATA SHEET i



H. M. Kaan, M. Hasinoff, W. J. O'Connell, S, S. Hanna
Nucl. Phys. Alii, l29 (1970;

EL EM. SYM.
|

A

! !

I

c
I

11

i

6

M *HC2 RE r . NO.

70 Kii 1 egf

REACTION RESULT
' EXCITATION

ENERGY

SOURCE DETECTOR
angle

tv oe * an GE TV Og RANGE

?.G ABX 11-24 D 2-17 HAI - D 3-24 DST

v 2 . o - 1 •

1

12

1

2, i"C! (Mev)

14 IS 18 20

F:g.j5. The coerSciests Ac, -t, ud <j 2 for
'•

°I3(p, ;-0 )
1 *C obtained from least-squares fits to l-/(f

,
=

.-t»(l — Zj.P.) with terms .p to and including The solid angle subtended by the detectci at

lenuates a 2 by about 3 *£.

°3(o.ra)"c

6 .cu«*l X. 0.5

'•9- ‘ / -s
-.1 i

s\
J . I

;4,0

\ :

*.or

Q «L

7.0

f V i

.

\l
i -^

^
^

^475

OUt
=1
TS| n “1

1 7.5

r, >
— . U.0

r n
«4

i0

r ^ e-'-Sv, ‘0.0

h N
N
\ ]

2.8
<-3 i 1_

“?
. . .

'

3.7 9 55
ix
:

:-o ;o 10 3o 53 3o so so

-EC3E£S

Fig. 4 Angular distributions of l0 B<p.',‘o)"C plotted in units of l'.t 0 . 'here .4, is obtained from

the least-squares ::t to IFI0) — — Zd.P,{cot til]. The curses are the least-squares fits with

terms up to and including F 2 . over
C ~ owe NBS>4|j
» £ V .

*• I A- 641
wSC:mm.3C 2601C-364

J .S. ]£OApTMg xiT ZF Z
NA-|QNAu 3Li 3 SA J C” ST

3C:
xn c a a c £

PHQTONUCLEAR DATA sheet



Ii/tfl

KAOIAN

Fig. The 90 yield curve of 10
Bfp,y’o) 11 C. The arrows mark energies at which angular distribu-

tions were measured.

= ,C
I!
C) (MeVl

Z a iZ 4

Fig. i , far 1 °3fp. 1

' C with terms up to a:;. I .

.

Fig. II. Comoarison of (p,y0 ) reactions on : °B, "3 (ref.
,:

)1,
l;C [ref.

’
3

) ].
:i

N' and l! N
[refs.

,3 - iS
)].

“J.F. Eichelberger .. G.R. Grove
and L.V. Jones, Mound Lab. progress
report; MLM LLcC

s 19cJ ;
,
Miami sburg

,

Ohio

.

~”C.J. Christensen. A. Nielson.
A. Bannsen, W.K. Brown. 3.M. Rustaa.
Phys. Lett. 2c B . IT ’ Lycy .

"~F.Z. Emery and I. A, Rarscn,
Phys. Rev. LLZ . A2C39 (lye 5, •

~“R.J. Biin-Stoyle, to be published.

3



«ef. f.j. Kline and E. Hayward

Phys. Rev. C 17_, 1531 (1978)

METHOD

EL EM. SYM. A

11 6

REF. NO.

78 Kl 5
|

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE CETSC’OR
ANGLE

TYPE PAN GE TY»E R an GE

E.N ABX 19- 30 0 30 ACT-I 4PI

The cross section for the production of the
;1C acavity by bombarding ;:C with 30 MeV elections lias been

measured ibsolutdy. The result. 11.9— 0.2 >h. has a smaller absolute error than any previous

measurement. This value corresponds to a (y,a) cross section integrated to 30 MeV of 41.0^0.6 McV mb.

based on s distorted-wave Bom-approximation electric dipole virtual photon spectrum.

7A3LE L The cross section for the production of UC

by 30 MeV electrons.

Sun Cross section

I 12.15*0.31

n 11.73*0.47

m 11.34*022

IV 11.39*0.34

V 11.78*0.32

Weighted average 11.92*0.15

TABLE IL Comparison with other experiments.

a >b> Projectile Detector Reference

12.7 * 1.0 Electrons Activity T

10.1*1.0 Photons BF, a

11.8* 1.2 Photon* Activity 9

13.3*1.1 Photons Activity 10

10.7*0.3 Photons BF, 11

11.3*0.2 Electrons Activity This work

- O N 3 S* A 1 3

aCv.
use OMM-N 9S-OC

-.3. :ep^’^en“ c :amerce
s a "'On i k. S'-R£A.^ 2? 5~ iv'AS:5

PHOTONUCLEaR DATA sheet 9
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*er. W.C. 3arber, W.D. George, D. D. Reagan
Phys. Rev. o

8, 73 (1955)

Elem. Svm.

12

Method
Linac; neutron yield, radioactivity; Faraday Cup

"Ret. No.

55 Ba 1 EGF

Reaction AE

C^(7,n)

ad E Noces

Bremss.

Ic-2c0

Fro. t. Yield cure* for the reaction C’Vv.nKT1
. The tats »a««

u dots were taken with a tantalum radiator of 169.77 mg/cn1
!

However, the yield aa aptt—d try Eq. (1) baa been divined *1

Sc and by the thwkne— of the radiator in radiation lengths

that the ordinate scale represent* the croee eectioa far the raaw
induced by th* bremmtrahiunf o< ana electron ia a unit rstnunJ

= 0.056=0.003
° 0 MeV-b

250
= o.o8o±o.oi

MeV-b

- 3.3 mb

Tawtw L Comparison of tone parameters of the C"(y arm
mi aa determined hy different investigators.

Reference

Wean
feaigy
(Uev>

Imp as
paae of

truer «e»
Uow (Mev)

J7"
13 rf*va

Mrv-barnrl

1

f
t

>S0 »<*>d*

;Mev-bernj<

TJrii^npcr 34 22-5 OJX32db0.003 g.gso±o.oi

21J 0.029 ••• <

.
5-

v* 4

« • • 22.fr
• 0.027 • •* • f

27 • •« .. . 01790^0.022

r 23-32 • • • w • • • a086d=0.02

'Montaibetti, Kate, and Goldemberg, Phys. Rev. 91, 659(1933).

!L Nathans and J. Halpem, Phvs. Rev. 93, 437 (1954).

iL Strauch, Phys. Rev. 81. 973 (1951).

1 L Marshall. Phys. Rev. S3, 345 (1951).

f &i* ••71
-

L <V) ) i

d*ir.r)

l!
T--—

1 1

Fro. 3. CiTWi trrtirei curve for the raacnoo C*<v^»>Ca The
uspe of the curve was determined by the oooton-aifferenca

tosivns of the yield curve of Fig. 1. but the atwolute value of the

ordinate kaie wae determined from the data with a cooper
radiator. The smooth curve shown a connstent with the data, but

becaue of the uisesativity of the method the detailed shape of the

uto-oierjy portion is uncertain.

daemon ocacriurvi

F

J° ^
TiM curve foe the reacnoo extended to

•* "xrpea Absolute points taken with the tantalum radiator
-r iaown as plain dots, while the Somts labeled with a juoacnotua *nn a thick copper radiator, bare been aroitranly—uued. The ordinate scale is the tame is for Fig. 1. The

( ^ « are computed yield curve* Samsung various
'i-wcaca carve* de*nbed in the text.

E - rig. 3 cross sectic
cue off ac 36 Me7.

"A" - "E" bump centerec
at 5.0 MeV and 12 Me
with magnitude to

fit at 250 MeV.

’3" "E" -r- tail starting
— at 44 MeV with

-<? = 1.27 mb ~ (l/E ;

"E" + tail (1/E3)
fitted at 3^ MeV
with ~ - 1.27 mb.

tail -r rise at mesc

C
12

(7,nro)c
11

.

»mn _

er. am n BS-4

1

1
.8-1-43)
U SC OMU-C C 19939-043

J .3 . department C F commerce
iATlQNAL BUREAU O F ITanQAROJ

PHOTONUCLEAR DATA SHEET 1 3



?. S. Baranov, V. I. Gol'danskii

Zhur. Eksp. i Teoret. Fiz. 23, 746 (1955!
Soviet Phys. JETP _1, 613 ( 1955)

12

method

12 ,Synchrotron; ion chamber monitor; C(n,2n) threshold detector.

ref. no.

55 Ba 5 IGF

REACTION RESULT EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABY 30- 200 c 150-250 THR- I 30- DST

FlC. I. The dependence of the
yieiu of pnotoaeuirons with energies
nigner tnan 30 mev in carbon (in

units 10 cm pereif. quantum) on
the maximum energy of retarded
radiation.

»*
. 4. The dependence of the yield

oi photoneutrons with energies higner
than 30 mev at an angle of 90° (in

units 10 ‘“cm" per elf. quant steradian
on the mass numoer A).

form NBS-418
IR EV. 7-i <u«al
USCOMM-OC 2S010-PS4 PHOTONUCLEAR DATA SHEET 14

U.5. derartmentof commerce
NATION AL 3USEAUOF STANCAACS



J. H. Carver, H. J. Hay and E. W. Titterton
Phil. Mag. 46, 341 (1955) C 12 6

method REF. NO.

55 Ca 2 EGF

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

?Y°E RANGE TYO£ RANGE

G «

^

A ABX 12- 13 D 15,13 EMU-D 4-12 4PI

(14.3, 17.6) ION- D 6-12 4PI

Methane filled proportioned counter used to get absolute d at 17. o Me'/.

Zmulsion data normalized at 17. c MeV.

17.6 14.3 12.3 (MeV)

1.7Qt24 C. 33=0.37 1.15=0.6 lO'
2S

cm
2

»o am N0S-41&
'P CV. 7-1 A-44J
'JSCOMM-OC *fl0ic-a*4

j.s. :e?^tment :f :3mme=ce
NAT:ONAL aiREAuO? STANDARC5

PHOTONUCLEAR DATA SHEET 1



Ref
- W.R. Dixon Elem. Sym. A Z

Can. J. Phys. 22j 375 (1955)

c 12 O

Method Ret. No.

Synchrotron; neutron angular distribution; scintillator; ion
chamber 55 Di 1 NVB

Reaction E or AE

C(Y, xn) 70

ad E
J it Notes

Anistropy suggests direct effects in

light nuclei.

o
Curves fitted to a + b sin 3

I

I

r.xnu-: n

Experimental v.u.f' i f"R h a

Tarcet
Correcrion factor

for ^[[--cuctcrin^

Corrected

Lead i in — 0 MX—.) IlS

I'in 1
. 1 IS 1) i2 =n r

Copper 1.4b 1

)

2' \ — u l

.

Iron l ;>.*) 1) O' l_|) -J.

Aluminum t . ! 7 1

1

Mi'.—M J'.

Carbon 1 N 1 »i —M x

Bervlliuni 1 1 i 2 »;

1 2 =n 1

Bery;li'..m - i

1

6

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANQARCf

-O RM N BS-41

8

(8-1-43)
U3COMM-OC 1853«-R«3

PHOTONUCLEAR DATA SHEET



REF. iLEM. 5YM.
:

a

J. H. Fregeau and R. Hofscadcer
Fhys. Rev. 99, 1503 (1955)

12

viethoo REr NO.

55 Fr 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 4-10 D 80-187 MAG-D dst

. able I. Cross section of elastic and inelastic scattering peaks
in microbarns ner steradian tor various angles at an inciaent
energy of 187 Mev. The radiative correction is included.

l.:»h

in|l« I'l.iMlC 4.41 Mry 7.f,M Nlrv 1.AI Mrv

35* 2.S.i= !4 2.55=0.28 1.05=0.22 0 4*»=0 20
45* 68. 7=5.5 1.13=0.19 n 24=0.10

1 41=0.11 0 44=0 US
50* 56.5=1.1 1.12=0 22 0.39=0.0) 0.24=0.07

1.46=0.16 0 49=0.07 0.39=0 us
GO* 9 42=0 38 0 828 ill 083 0 1 14=0.035 0 121=0 030

o 715 i ooxo H IM! f II NJ7 ii
I II Ml 02

1

7(1" 2.72 I.0. 1

1

II IS 1 | IIIKet (IliSII i || |i *> 0 13 1 1 0015
O 500 | O l|5|| 1111*1.? | Dill 7 o i .?; i ii m»i

XII* 0.71 1=0 028 0 J5I l-o o25 II ll.iX jjllllll o or.s [_o 012
0 286=0(1.14 0.051=0.016 0 075=o 013

90* 0. 199=0 014 0.179=0 021 0 021=0 005 0 043=0010
0.1 57=0.0 17 0 013=0 006 0 058=0 010

T \ in. :ir. iLiiio oi <«v*. iVir excitation ni 4 43-Mcv
lew, t>> point-nucleus -cattenne cross a ction ;fur carlwn.

Knrrgv Mcv) Lull .in etc ft.lt IO

so 81* 0 18135=0 (8MLS

150 •8)* 0.0119=0.(811 5

150 SO* 0 0135=0.0017
150 70* 00| 15=0 0016
;.s7 '81* o o *o2 i-o m.f 1

00178 1 0181 *0

!>7 SI* nolo; 1 1 mi r

o 0|>8I=0 (8123

187 70* 0 01 ro ho m25
0 0184=0 KM"

187 GO* 0 0157=03*116
0.015.5=018116

137 50* 0.0 108 =0.0020
0 0131=0.0014

1S7 45* 0.0066=0 0011
0.0081=0 0010

1S7 35* 0.0048=0.0006

LEVELS 4.4, 7. 7, 9. 6

LAB angle

Fig. 4. The angular distributions of the clastic and inelastic

peaks at 137 Mev in caroon. The absolute cross sections have been

nniajned by the proton-normaiization method uiscusscu in the

text.

(over

)

ro»M N3S-4 18

»CV. T-li.441
jsc3mm.qc :eoic-^«4

g.s. d e° 4P'M£n r :cmme = c
NATIONAL BUREAU OP 3 T ANIAR2

photonuclsar data sheet 17



F:g. 5. The angular distributions in carbon at 150 Mev oi the

elastic and meiastic peak3. The absolute cross sections have been

obtained by the proton-normaiization method discussed in the

teat.

F;g. 10. The cross sections for the elastic and inelastic peaks
at V0° as a function of energy.

18



^Er. El EM. i v M.

H. Giattli, E. Loepfe and ?. Stoll
HeLv. Phys. Acta 28, 3co (1955)

METHOD

12

REF. NO.

55 G1 1 EGF

reaction RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G, A SPC 17 D 14,17 EMU 1-7 4PI

-

Li(p,y) source n

0.1 MtV

I «13fl5

90 J

I I I I I • I | |937$S*3?I0 c*

1. iU Paare: J E*„ < 0.3 MoV.
2. 2 zu 1 zenonge £,,,-Einzelwert«.

3. n ia„-WertB der tibngon Stcmo.

»o»m NBS-418
iREV. 7.1 4.441
UK 3MU.OC 26 0 1 3. ®6 4 PHOTONUCLEAR DATA SHEET 19

j.S. OEPAflTMENTOF COMMERCE
NATIONAL 3URSAUOP STANOARQS



F. K. Goward and J. J. Wilkins
Proc. Roy. Soc. (London) A22S,

METHOD

376 ( 1955) C 12

ref. no.

[ Page 1 of 4 j 55 Go l EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.3A SPC THR-60 C 60 EMU- D DST

E* represents at excitation of Be 3

All angles are in center of mass system

9j_
= direction of first a

9^ = angle between and break-up direction of Be 3

9a3 = direction of break-up relative to y-beam

Fiarms 2. Angular distributions of a, in ground-stato transitions: (a) 1 3 MeV^E
y
< 15-6 MeV;

(b) 15-6 MaV ^ E., < 20 MoV
;
(c) 20 MoV ^ E., < 28-4 MoV. The fitted, full-line curves have

the general formdoiincd by equation (A 2), and determine the parameter values (a) kl = oo;

(b) k1 — 0-9, 2&COS 7 = — 0-40; (c) k1 = 10.

FORM NBS-418
(R SV. 7-1 i-S41
USCOMM.OC 28010.P64 PHOTONUCLEAR DATA SHEET 20

d.S. DEPARTMENT of OCMMESCE
NATIONAL. BUREAU OP S t ANOap:s



F. K. Goward and J. J. Wilkins
Proc. Roy. Soc. (London) A22S . 376 (1955) I

C

'IETMOO ' REF. NO.

^Page 2 of 4] 55 Go 1

REACTION RESULT excitation SOURCE OETECTOR

ENERGY TYPE RANGE TYPE RANGE

3
>

n

3
u
a
-3

2
a

Fiounn 3. E m himocramu (tiiroo values for each star) for star* with E
y < 25:>IoV. (a) < iv2;

(6) U-2 to lo-o; (c) lo-6 to 17-0; (d) 17 0 to 15-0: ;«) 18-0 to 20-0; (/) 20-0 to 25*0 Me*/!
5tars wnicn givo an E m value <0 -3MeV aro not included. Shooing indicates etara whicr.
.ail to givo an E m vniuo ootwoon I'O ana o -0MeV. Tno run-line curves correspond to u.a
:oilowing va.ucs of the parameter b in equation

* 10); (aj 3-7
; (6) 1-0; (c) 0; id) 1-9; (e) 1-2;

12

EGF

ANGLE

FORM HBS-418
(R EV. ?•* 4-441
L3CCMM.9C 29010-044

u.5. de°‘«'m£nt:f :omme9ce
NATIONAL- 3 US E AU CF 37 ANOARCS

PH0T0HUCLEAR DATA SHEET 21



IflOTraz 4. Angular distributions and correlation in 2-05 MoV level transitions; 17-8MeV<£
< 18-GMeV. The curves indicate possible theoretical results for a J = 2 level, and E 1 t22
(full linos) orMl + E2 (dashed lines) y-ray interactions.

5b

2 0 L

n
(
a

) Jir

J ^Ir-nrl

FiotTBE 6. E* histograms ( threo values for oaenstar) for stars with (a) 25?»IoV ^ E., < 2G-4 McV;

(6) Ey > 20-4MoV. Stare which givo an E* value <0-3MeV are excluded from v a). In (4),

shading indicates stare which fail to give an Em value between 16-0 and 17-3 MeV.

(a)

Foi Figure 6. Angular distributions and correlation in transitions to tho 1G-8 MoV level of “Be:

£L>2G*4MoV. Tho fitted curves assume El '/-ray mrcraction, and J = 2 (full line) or

J = 4 (dashed line) for the 3Be level.

j.s. oepartvient of commerce
NATIONAL BUREAU OF STANCASOS

22



F. K. Goward and J. J. Wilkins
?roc. R.oy. Soc. (London) a22S . 376 (1955) L2

METHOO
|

REF. NO.

_Page 4 of 4] I 55 Go 1 EGF

reaction result EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYRE SANGE TYPE RANGE

Table 2. Relative iNTENsrnEa of transitions to the qrohnd
'state and excited levels of gBe

level excitation (MeV)

£r (MeV) .V 0-00 2-05 40 3 and 10 15 16-8 17-3

10-0 to 13 0 lOli 19 81 — — — — —
13 0 to U-2 ON 18 82 — — — — —
14-2 to 15-0 oo.) A 04 — — — — —
13-6 to 17-0 335 7 88 5 — — — —
17-0 to 18-0 070 3 89 8 — — — —
18-8 to 20-0 315 7 75 13 5 — — —
20-0 to 22-6 III) 15 51 20 14 — — —
22- 6 to 25-0 151 12 34 5 17 O — —

25 0 to 20-0 50 .4 25 43 12 a

26-0 to 20-4 *J«» 5 20 20 10 33 10

26-4 to 20 0 1 5 0 10 63 19

Is 29 120 3 4 — O 73 13

Column 2 givea the number (»V) of atnre analyzed. The intensities aro expressea as per-

centage*. About ono in six of the stars ossignod to column 8 of the table 1 13-8 MeV love!) may
involve the suspected 10*4 MoV levol.

Tadlz 3. y-RAY absorption processes initiating the ,:C(y, 3a) reaction

£v (MoV) El(%) E2(%) M 1 ( %) r(E 1) r(E2)

13-0 to 13-ii 0 70 30 — 0-13

1 5-3 to 17-0 35 55 — 0-07 0-08

17-0 to 18-0 75 25 — 0-0-V 0-02

18-0 to 20-0 70 30 — 0-1

1

0-05

20-0 to 22'U 33 55 — 0-22 0-33

22-0 to 26 0 50 40 — 0-20 0-25

3*26-0 100 (51) — ?
*

At tho lowor y-rav encrgios. for winch there is no ronciu.-ive evidence of E 1 absorption.

Jl 1 -r E 2 is assumed. This is consistent with the fact t iuu, 1
~ IT = 1 ) lcvois do not occur beiow

*oout 10 or 17 MoV in l*C (Inghs 1953;. In taat two coiumns, r - (ground-atate/2-0o MeV
iovol) branching ratio.

j.s. 2e?*b t m5nt zf ::mm£,=c:
N»rON»L 3UBEAUOF jTl^CAS;:»o»m N8S-A18

ISCV. 7.IA.44I
j3C3um.CC 28013-064 PHOTGNUCLEAR DATA SHEET 23



Ref. F.I. Havlicek) B. Dobovisek
Phys. Rev. 100, 1355 (1955)

Elem. Sym.

1 P

Method
emulsions; bremsstrahlung

Ret. No.

55 Ha 1 EGF

Reaction E or A E
S"

dE J * Notes

C
12iy,Ja) 27

35

<Gr

J5|“

If

* -i*

t

>l*435

,:hk * ,<ss

s-i'SS'JiS

/

Analysed data in terms of:

y + C
12
- 3e

3* + or
1

Be
3* - 2a

Define or^ are high energy a. Data

for two bremsstrahlung energies are

not separated, (also ol°)

Measured 500 coplaner 3 prong stars;
used only those for which a momentum
balance to within (l MeV)V- was
obtained; 485 satisfied this con-
dition.

Figure 1 : Distribution about same as
Goward and Wilkins [Proc. Roy. Soc.

217, 357 (1953)].

-rV
.|3

3 2 » i ! : 2 * 15 3 :3 :i :* ss

::al ti? u * ?a9T ;cl£ en£5cyivfv)

3 ! i l ? 3 :• :j :? :3 i
:

~
£JC;TAT CM tSESGT IF :

!2
;mev)

Fro. 1. Number of C - disintegrations .is a function of the sum
of the kinetic energies of the three ail >na ^articles The lower

Abscissa scale refers to t he excitation energy 01 C :

t

T Lr^

nJ I
I -

"XJ i

»WIE :ET«EEN a, MO
DIRECTION OF T hE » RATS

3 ,C 2 .4

ENERGY Of a, (KEY)

3 22

I
-

: ; 0 i :

H* ifCiTAriCN -SEsCT ;«£/)

5 2 4 5 J 10

ENERGY Or 3, MFV)

Fic,. 2. \ Number of stars *>r Be' excitation energy for ail

C" 5 -vents for wnich F.nl <12.5 '-lev. Bj Distribution in energy
of the urst emitted alpha particle.

energy :f a . :mevi f «

Frc. 3. (A) Distribution in energy of the hrst emirted aloha.
* B) Number of stars Be* excitation energy for ni C’** events tor

which £«,,> 12.5 Mev.

- j"4
11-

J u
-

:l.. m r-
J-» jp«

tNGLE BETWEEN a, AMO

C'.RECriCN CF T “£ r SAYS

|

L,
D.

_

-
i

j—1 !

-

|
—

Fro 4. V \-_
— larciscnuun. \

:r«t emiite*:

Mev -ir.u r. ~
O Ar.eu.ar ,

bucion of

emitted a.r-As

£«>UQ Mev

ergy e;srnr»-.'.r>'

—, Mev md ~ —

1 .3 :: :<

ENERGY OF a, (MEV) E.-^jE

FORM NBS-418
18-1-63)
U3C CMM-OC 18558-P83

PHOTONUCLEAR DATA SHEET 24

u.3. DEPARTMENT OF C CMME 0 C
national BUREAU of stancar



Sven A. £.

Phys. Rev.

NETMOO

Johansson

22, 434-43 (1955)

REF. NO.

Synchrotron; ZnS counter; ion chamber 55 Jo i

12

NVB

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P RLY THR - 65 c 65 SCI- D L4 - + DST

Angie-aegrees

F:g. 5. The angular distributions oi protons with an energy above 14 Mev.

-«rr X. Target thickness and the constants a and A in the

angular distribution curve o-r(suW-ri sintf costf 4.

Element
Target :h ickaea*

mg/cm* a t

Carbon 182 0-32 0.80

Aluminum 274 0.58 1-35

Xickei 352 0.94 1.45

Molybdenum 295 0.62 2.00

Fig. 10. The relative >-ieid per mole for protons above 14 Mev

as a funcuon oi the atomic number.

N8S-418
IP *V. T-l 4*44)
USC3WM.SC 26010-P44

U.S. OEPAflTMENTOF COMMEQCE
NATIONAL aUPEALOP 3 TANOAROS

PHOTOHUCLHAR DATA SHEET 25



B. M.

Phys

.

method

Spicer and A. S. PenfoLd
Rev. 100, 1375 (1955) C 12

REF. NO.

55 Sp 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR - 20 G 17-20 ACT-

1

API

Fig. 2. Oz(y,niOl yield carve near threshold. The data from

F:?. 1 are shown by soiid dots. The open circles represent the

results of an earlier determination. The two arrows indicate the

position of the threshold as erroneously quoted on two occasions.

3RZAKS

Table I. Comoarison of C'5 ^y,«) yield-curve breads with

those observed by Katz ;i ai.

3reak energy (Mev)

Present
resuits Katz et al.%

Mev above

Present
resuits

threshold

JCatz et ai.t

Threshold
(cal pt)

18.73

±0.03
13.75

±0.03
0.00

=0.04
0.00

=0.05

First break 19.10

=0.05
19 30

=0.05
0.37

=0.05
0.57

=0.05

Second break 19.55

=0.05
19.75

=0.05
0.32

=0.05
1.02

=0.05

* See reference J.

J.S. DEPARTMENT OP COMMERCE
NATIONAL. BUREAU OR STANCAACS

FORM NBS-418
(R EV. 7-1 4-4AI
U3C OMM-OC 2S01C.RS4 PHOTONUCLEAR DATA SHEET 26



R«. L. Cohan. A.K. Mann, 3.J. Patton, K. Reibel, W.E. Stephens,
E.J. Winhold

Phys. Rev. 104, 108 ( 1956 )

Elem. Svm.

Ret. No.

56 Co 1

12

Method places
EGF

Reaction

C^(7,P)

E or A E

3remss.
2k

S
'7dE

~ cO MeV-mb

J * Notes

Proton yield at 2k MeV Bremss was

12±3 X 10^ p's/mole r.

(1.97 mg/cm
- polyethylene)

Assuming ground state, resonances:

2^ 1 MeV
22.6 Mev 12 MeVmb
21.5 MeV 9 MeV-mb
20.3 MeV c MeV-mb
17.8 MeV 2 MeV-mb

F igure -T.

:

"curved line" - detailed
balance; 3 lair, Kington and Willard

1 Phys. Rev. 100, 21 (1955); Haines,

j

Day - Phys. Rev. 91

.

599 (1955'!*

F:o. 9 Photon absorption cross-section curve for "he ejection

photocrotor.s from carbon ootainea from Fie. 5 on the assure.'

that the resultant 3“ nucleus is always left in its crour.c

This curve nves an uooer limit to the cross section lor ~r.

' enerzies oeiow aioout 20 5 Mev and a io'ver limit for

1 er.erztes. The curve ;s uncertain aoove ohoton enermes of 25 .

because of statistical uncertainties ana corrections. The sm

|

curve is the cross section oreaictea from B data by -let.
1

h.ii.inrn- The_pomc at 17.6 Mev a due to Mann and-Ttttert
“ reierence 20. . _ _ m .

unON*. SUP Sit OF S”iNCAS"ro N8S-41 3

jscomm-oc H9se-B «a

PHOTONUCLEAR DATA SHEE T 27



Ret. 3.P. Fabricand, B.A. Allison, J. Halpern
Phys. Rev. 10^ 1755 (1956)

Elem. Sym.

12

Method
ZnS paraffin; 23 MeV Bremss.

Rer. No.

56 Fa 1 EGF

Reaction EorlE ad E J
Notes

C
12

(7,n) Bremss.

25

Angular distribution measured:

60° - 160°

ct(9) = 1 -f (lo 5 ±0 «S8 ) sin
-
?; this

about same as obtained for p's in
this energy range.

ZnS paraffin counter is insensitive
to 7 's; counts neutrons with E > 0.;
MeV.

n

Kio. 2. Anzular distribution of neutrons from carbon bomoarned

with bremsstrahlun? of 23-Mev miumum energy

- '
1

pobm NBS-418
(8-1-83)
USCOMM'OC 18SS8-P«3

U.S. OEPARTMENT OF COMMERCE
NATIONAL. BUREAU OP STANOARC

PHOTONUCLEAR DATA SHEET 28



J.H. Frageau
Phy&. Rev. 10^, 225 (1956)

M6THOO
Liaac

12

Page 1 of 2]

REF. MO.

56 Fr 1 NVB

REACTION
EXCITATION SOURCE DETECTOR

ANGLERESULT ENERGY ty=g range TYPE RANGE

E, E/ ABX - c-35 D 167 MAG-D DST

RMS radius of C : (2. 37*0*05) 10 ^cm. J-PI

r = (l.33±0.C2)l0
_1

^cm
o v

9.61 MeV level 2 or O'

Fio. 1. Scattering at 1S7 Mev at an angle of 110*. Thu is :

composite 01 two runs.

Fio. 3. Elastic and
inelastic angular distri-

butions at 137 Mev. The
absolute cross sections

have been obtained by
the proton-normaliza-
tion method diaruaseri

in tha text.

gnu N8S-413
ir ev. 7-1 *-«4i
jiou.cc iso io-0«

«

PH0T0NUCLEAR DATA SHEET 25

u.s. department df commence
NATIONAL 3UREAUCP STAnOAPCS



[Page 2 of 2] C 12 6

METHOD REF. NO.

56 Fr 1

REACTION RESULT EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

AW
CARBON
187 M£V
80*

ft

Fio. 2. Scattering

at 187 Mev at an
angla of 80*.

1

1

IA

/k

ft
1

L 1 { j\ \

0

1 ! 1
1

1
II® 1

1

Il‘ hi 1
1, i II 1

! 1 I ¥ lx.
ot 111 I -T 1 II

i SO 124 138 :« 166 170 174 178 182 188

ENEBOT IN MEV

Tajl* L Results. Differential cross sections in the laboratory system in units of Iff*" cra’/sterad for angles of 90*
or less and in units of 10*“ cm*/»terad for angles greater than 90*. Errors are statistical only.

s fUfc Elastte 4.« Mev 7.65 Mev 9.61 Mev

187 Mere 35* 280 ±14.0 2.32 ±0.2S 1.04 ±0.22 0.481=0.190

45* 68.7 = 2.3
1.41 ±0.16
1.13 ±0.19

0.440±0.083
0.240±0.096 0.185=0.087

50* 36J ± 1J 1.46 ±0.16
1.12 ±0.23

0.490±0.069
0-391 ±0.090

0.391=0.078
0.243=0.070

60* 9.53 = 0,33
0.724±0.087
0.834±0.170

0.182=0.027
0.146=0.035

0.1+3=0.024
0.122=0.031

70* 2.80 = 0.11
0.514=0.051
0.498±0.065

0.095=0.017
0.082=0.027

0.131=0.020
0.137=0.036

30° 0.748= 0.030
0-300=0.036
0.263±0.026

0.053=0.017
0.040=0.011

0.079±a014
0.072=8.013

90* 0.213= 0.015
0.168±0.019
0. 192±0.023

0.014=0.006
0.022=0.006

0.062=0.011
0.046=0.011

100* 46.6 ±.8.4
45.2 ± 2.7

•83.6 ±9.2
65.1 ±4.6

... ...

110* 9.84 ± 0.69
33.9 ±2.0
35.8 ±2.1 1.86 ±0.93 12.6 =1.6

120*
2.45 ± 0.30

1.90 ± 0.15
17.3 =1.21

130* 0.569± 0.069 8.83 ±0.80 ... ...

138* 0.065< 0.100 4.29 ±0.30 <0-305 9 79 9*0.56
^•73

-i.il

150 Mev 70* 9.77 ± 0-39 0.610±0.067 0.148=0.025 0.103=0.021

80* 3.23 ± 0.13 0.323±0.042 0.034=0.017 0.081=0.021

90* 1.20 ± 0.05 0.170±0.019 0.043=0.011 0.047=0.011

80 Mev 90* 3.48 ± 0.18 0.182±0.040 ... . . •

ro»M NBS-41B
IAEV. 7-1 «.«4>
U3CSUM.OC 2S010-PS4 PHOTOHUCLEAR DATA 5HEET 30

U.S. 3EPARTMENTOF COMMERCE
NATIONAL. 3UREAUOP STANDARDS



Rek D.L. Livesey
Can. J. ?hys. 216 (195c)

Elem. Sym. A

II

Ret. No.

5

6

Li 1

Method
Synchrotron; p -r at cross sections; nuclear emulsions

NVB

Reaction E or IE ad E J " Notes

C'"(7, P**) Bremss.

70

0j
- 0.68 MeV-mt

'25

W
•J ,r
35

= O.cp MeV-mt

Ft*;. *. V.triation or .*?m4.M*ct!*in uiih uh* > >n

and mcrowen cu.-*d on >2 -taro ail>1 S‘> -tars r^pct (.•

po »v« H 0S-4 1

8

l§-»«33>
USCOMM-OC 18338-^33

j.s. department :f commer:
NATIONAL BUREAU C - 5 T A N C A P :

PHOTONUCLEAR DATA SHEET 31



A.K. Mann, E.W. Titterton
Proc. Phys. Soc. 6^, 917 (1956)

EL EM. SYM. *

12

Van de Graaf; proton cross section; nuclear emulsion ref. no.

56 Ma 1 NVE

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPl RANGE TYPE RANGE

G,P ABX 18 D 18 EMU-D 4- PI

(17.63) (17.63)

(l. 19±0 . 21 )
10"27 cm

2

In Figure 5 ,
"A, 3, C, D and E" indicate five independent observations.

= 7.00±0.73
a
(7,a)

-27 2
based on '(7 , 5a) of Carver, Hay and Titterton, a, , = 1.19±0.21 x 10 cm

\ (

>

P /

390T0N ENERGY M£V

bururr 2 . Corrected numoer-—nervv hiRturram* derived for the nve sets of data hv rrranr.c

all t racial as protons are «hnwn in A. !i. C O and E The sum or all the :ara

‘*'th a chan ire of vcaiet s shown m r The pmton p***jts cnrrrRO**n«Jirvr to ih*

‘Cl y. ph : 9 reaction centre at I 5 Mrv

v.— . - • '“T:: • COMMERC:
ATIONAL 3U~:«OOF STANOARCf

PHOTONUCLEAR DATA SHEET 32

worn* XBS-41S
mev. 7-I4-44I
U3COMM»OC 200 I 0-P04



C. Tzara
Conpt. Rend. 24-2 , 2340 (1956) 12

METHOO

Self-absorpcton and activation curve analysis,

REF. NO.

Page 1 of 21] 56 Tz L EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

Type range TYPE RANGE

G,N RLY 22 - 24 C 22-24 ACT-

I

API

0 = ratio of yields of detector placed before and after absorber.

La courbe 1 represents c(E). lille comports do inouro i.uto lu Jt jjuvicr 1936 ct 1c i3 mars in56.

Lea courbea 2 ct J sont ties courbo d'.iclivtuion uruiMrr'-. .nto dan* dcs conditions dilFercntcs

pour s’aasurcr dc la correction tie I'ulnlounaijr :u enurgiu vera MoY.

33

•J.S. DEPARTMENT ;? COMMERCE
NATIONAL SUSSAUOf 5TANOASCSr c ®u NBS-AI 8

(I* IV. 7-1 4-«AI
U1C3HM.OC 2801 7-RSA PHOTONUCLEAR DATA SHEET



C. Tzara
Corapt. Rend. 242 , 2340 (1956) L2

METHOD

Self-absorption and activation curve analysis. [Page 2 of 2

REF. NO.

56 Tz 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

I,. 1 1on rflicacc composuo lie pics ilroits cl do rcsouanccs

ml iiiilii|iii-rs. La cotirbc d’activntion a old obtenuc a l’aidc
Nous avons clmisi arbilrairrtiiciil uni: uuiirln

largos. Lours si'ulions rflicai:i ,» ini i*gri ,
i
, >

(In spectre de Scliiir. On . onfall- qu«- !«• <lom»inc ou la pcnle vane cat tres intencur 6 la largeur dc ia

resonance corresDondaiue ( dc I’ordre io l»i* plus petit).

FORM NBS-^18
!R EV. 7-i 4-64)
U3COMM-OC 2e010-P64 PHOTONUCLSAR DATA SHEET 34

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAL0F 3TANCAFD3



REF.
C. Tzara
J. Phys. Radium _17, 1001 (1956)

ELEM. SYM. A

12

REF. NO.

56 Tz 2 EGF

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MU-T LET 1 C 22 - 2~ ACT-

1

-PI

Se If- abso rpcion measurement to give limit WIDTH GREATER . - MEV

on width of level responsible for break in

neutron yield curve at 22.3 MeV.

roPM N8S-418
CV. ?- I 4-641

USC Omm. O C 28010-064

U.S. CEP
N A 71 ON A u

4P tMENT CF CwMM£ = CE
3UHEAI or iTANOASCS

PHGTOHUCLEAR DATA SHEET 25



P. 3. Baranov, V. I. Gol'Danskii, and V. 5. Roganov
J. ExptL . Theoret. Phys. (USSR) 22, 1123 (1957)
Soviet Phys. JETP 6, 365 (1958)

i ' M.

METHOD

12

REF. NO.

57 Ba 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 30 - 260 C 120-260 THR-I 21 DST

l3 C(N,2N) 11 C threshold detector.

^cmVslersd. Q

FIG. 4. Angular distribu-

tions of neutrons of energy >

20 Mev from carbon and deu-

terium. O — yield of neutrons

from carbon for 2.^ = 225

Mev, 15 x — the same for Eym
= 170 Mev; •— yield of neutrons

from deuterium for 2^m
= 255 Mev. The solid curve

gives the angular distribution

of neutrons from deuterium

torE = 170 Mev, obtainedym
from the results, Reis. 4 —
10, transposed for neutrons.

TABLE I. Yieid of photoneutrons of energy & 20 Mev
from deuterium and carbon

[Yield from deuterium
jr ,'without meson pro-
~'n ductionjaccoraing to

(Mev) iRefs. 4-10
10-“ cm 1

/Q

Total yield

from deuterium

x 10“ cmVC

Total cross

section from

carbon

17,-. X 10“

cm1
/

Q

170 0.32
‘

255
|

1 . 27

0.84—0.07

2.06-0,06

7.2—0.25 3 58—0.60

'.8.0—1.35 D.13-M.4i

U.S. DEPARTMENT Or COMMERCE
NATIONAL. BUREAU OF STANDARDS

*

*

P

I

«

*

I

I

P

I

I

I

R

I

R

R

I

R

R

FORM NBS-418
(R EV. 7-1 4-64)
U3C OMM-O C 2«010-P64 PHQTONUCLEAR DATA SHEFT 36



Ret. J.H. Carver, K.H. Lokan
Australian. J. Phys. 10, 312 (1957)

Method

Cu
C
"(7,

33 MeV electron synchrotron; neutron yield; radioactivity;

n) reaction. (Berman and 3rown)

Elem. Sym.

C

Ret. No.

57 Ca 2 EH

Reaction

C
12

(7,n)

E oc AE

3remss.

18-30

' 1/2:

k.2 MeV

<7d E

= k2±7 MeV-mb

J >r Notes

Fi«r. A.—The measured yield curve and the

derived eroe» section curve for the reaction

»C (y.n)
.

T«nr.r 1

riB,«nTM or tmk iv n. (*•»*« «r< tion*

P^hU Xu«*nry

(NfnV)

Wiilrli Ht H \lf

Maximum

Intocr^fo-t i

Portion "1 M.

i -n'i*

“O pm N BS-4 1

8

w 5 C Cmm- C C 1 8338-093

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF ST ANQAPC-

PHOTONUCLEAR DATA SHEET 37



I. V. Chuvilo, and V. G. Shevchenko
. J. Exptl. Theoret. Phys. (USSR) J2, 1335 (1957)

Soviet Phys. JETP 1090 (1957)
_____ _____ - ___ _ __ — -

C

REF. NO.

12 6

[Page 1 of 2]
57 Ch 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

G.XP SPC THR - 34 C 64, 34 ZMU-D 13-54 DST

>H ^

3

j
t

JO iO SO 'ZO 'SO no 9

— >N

30 SO SO /20 iSO 'SO 9

0

FIG. 2. Angular distributions ot ihe photoprotons, a) 3 e’: dots - £„ > 20 Mev,

Ey mxx = 68 Mev; crosses - E„ >32 Mev, Ey max = 34 Mev; 4) C”: acts - £
p > 18

Mev, =* 64 Mev; crosses - E
? > 26 Mev, £-/m„ = 34 Mev.

U.S. DEP«RTMENTOF Z OMM ERCE
NATIONAL 2UREAUOF ST4NOARDS
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I. V. Chuvilo
?
and V. G. Shevchenko

J. Expel. Theoret. phys. (USSR) 32 .

Soviet Phys. JET? L090 (1957)

Usthod

1335 ( 1957 )

Elcm. Sym.

C

A

12

z

Ret. So.
I

Ch 1 EGF

Re r.c t i on Result
Excitation

Enorcv
Source

T’-pc Ranee

Detector
Tvoe Ranee Ane 1 e—

V

r iG. 3. Energy distribution of phoioprotonn lyicld given in relative units):
a - Be*. Eym ,x - 68 Mev; b - Be*. Ey = H4 Mev; c - C". Eymxx - 64 \iev; d - C'\
‘>mu = 34 Mev.

j.s. gepaatment of ocmmcac
NATIONAL 9UP£AU OF STAnQARr* hm N l 3

i)
i.ccuM-oc

PwnTnsiiiCLEAR DATA SHEET 39



I'lii. 11. The cross

sections ic.r C”' y.xnt

and C :l, r..r»i. Ihe

solid curve :s tee ex-

perimental cross sec-

tion. The ac-tteu

curves tor the cress

sections C :5,-.n , C li

and
— C'-*'.t.2h C :: are

based on reasonacle

assumptions about

the neutron muiti-

nlicity. The curve
- CJ -

y.pn Bu — Cn -

y.ln iC :I hypochet-

caii” is the assumec
cress section :or ail

orocesses yieiuint;

neutrons. The as-

sumptions made are

discussed in the.text.

j.s. pep»rtment of :omm = ?cs
NATIONAC 3URE*U OF ST ANC-.RC-

FO =)M NBS-418
ta- 1-«3>
UtCOMM.CC 18SS8-P83

PHOTONUCLEAR DATA SHEET 40
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(8-1-431
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REr.

D. L. Livesey
Can. J. of Physics 3j>, 937 (1957)

Page L of 2]

L2

ref. mo.

57 Li 1 ZGF

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TY PS RAN GE

G,XP SPC THR - 35 C 35 EMU-D 5-12 DST

Group I f(S) = A + 3 sin 9 A, B =0.23 ±0.1

II f ( 9 )
= A -t- B(sin 9 -i- p sin 9 cos 9)

2 a/B = 0.5, p = 0.6

strahhi
Enerfry distribution o{ 10<10 Proton from propane exposed to 35 Mev. brems-

u.s. :epartmen* commerce
A T 1 ON A l BUREAU C “ S'iNCA = :.:

porm NBS-^13
(R EV. T-l 4-04)
U3COMM-OC 230t0-P«4 PHOTONUCLEAR DATA SHEET 42



METHOD

D. L. Livesev
Can. J. of Physics 35 . 937 (L957)

12

Page 2 of 2]

REF. NO.

57 Li 1 EGF

SOURCE DETECTOR

ty=£ s*n5E TYPE RANGE
reaction RESULT EXCITATION

ENERGY

b*tw^n
2
'4‘s

n
?nri

ar
ria

,

*\T
,bUt

‘??
S °f ?r0t0n * from Propane in two energy groups: t. protons

tss, -Vi«;r.4.Kr,;bov' M -'"v ** 1 *•*-— -

180'

160-1

AVERAGE
NO
SIN

120 '

!

lOOj

301

601

401

}'

7 /
A

/
/

4
/ :

20

02 0.4 0.6 03 1.0

SIN
2^

a^inst
3
sin^

Umb*rS °f ?r0(0"* Gr0l,p 1 averaged over supplementary angles and plotted

*o«m NBS-4 18
REV. 7*1 4-441
USCOMM.QC 2601 0- 064 PHOTONUCLSAR DATA SHEET *3

u.s. cepartmentof commerce
NATIONAL. BUREAU OP STANDARDS



J. Muto, E. Takekoshi, T. Nakamura, A. Imamura and Y. Tsuneoka
J. Phys. Soc. of Japan, L2, 109 (1957) 12

METHOO ref. no.

57 Mu 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, 3A SPC 15, 18 D 15, 18 EMU-D 0 - 15 DST

(Li,p)y*rays thick target E
q

500 keV.

Fig. 2. E* histograms (three values for each star).

Fig. 4. Velocity vectors of 1JC(Ta,)"Be*(«,)ai.

(a) 3i (degrees) (b) 9e( degrees) (c) Qzz( degrees)

Angular distributions and correlation in the 2.95 MeV transitions. The curves indicate possible

h. rcti- al resuits for a J= 2 level, and EX + E2 (full lines) of Afl->-£72 (dotted lines) 'ray interactions.

FORM NBS-^18
(R EV. 7-1 4-«4)
USCOMM-OC 26010*P64 PHOTONUCLEAR DATA SHEET 44
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Rej. P.S. 3aranov, V.I. Gol'danskii, V.S. Roganov
Phys. Rev. 1Q9, l801 (1958)

Elem. Sym.

12

Method ip,
C^(n,2n) scintillator detector

F/H

Reaction E or AE
S"

dE J Tt Notes

C
12

(Y,n.') Bremss.

170

255

Figures 2 and 4- : Solid curves are

calculated for neutrons from Illinois
and Cornell d(y^p) data.

In Figure 2, carbon data has been
normalized to the deuterium data
assuming 7 =9 "d.

c

E . = 20.6 MeV, for the neutron
th ’

detector.

- «r

iie
VI O

Ftc 2. Deoendence of yield of fast photone’Jtror.s emitted
irom deuterium at 75° in the I s. on the neak bremsstranlur.2
erterey. Solid curve—results from references 4-10 recalculated
for neutrons. •— fast neutron yield irom deuterium; C— fast

neutron yield from carbon. The camon neutron yields are nor-

malized with respect to total cross section to the deuteron daca
assuming

Table I. Yield of >20-Mev photoneutrons .1 ;m

deuterium amd carbon.

V|| 20U *

l t
E r i • 233

E-rm
(Mev)

Deuterium yield

below meson
•Jiresnoid

)

according to

data from cfle

literature*

Total yield

from deuterium
<JD X 10**

cmVQ

Total yield

from carbon
trcXlO2 *

cmVC <ro

170

255

0.82

1.27

0.84=0.07
2.06=0.06

7.2=0.25
18.9il.35

3.53=0.o6
9.18=1.44

* Sc* reference® 4-10.

iao

FfC. 4. .\n*uUr distributions of >20 6-Mev neutrons from

caroon and deuterium it £«• l"0 and 255 Mev. neutron

vneld from car*v o it £*^*255 Mev* aad ~--m l < 0 Mev
—neutron nei*l rom neutenum tor £^„-255 Mev SomJ

curve—insular liscMhutton >f neutrons : rom oeutcnun >r

- 170 Mev. oMiinoi - .v -•calcjlatine the results «-t retererces

4-iO for neutron*. The .icsn.utc leutenum neutron yie:ns ire

'.omtuiH -nth rwnec: :o total cr^ss sections to the cir&on data.

- :

1

‘ E. Whalin. Phys. Rev. 05, 1362 <19541.

• J. C. Keck and R. M. Littauer. Phys. Rev. 93. 827 '1954-.

• L. Allen and A. Hanson. Phvs. Rev. 95, 629 (1954).
' L. Allen. Phvs. Rev. 98. 705 (1955).
I Tollestruo. Keck, and Smythe. Phys. Rev. 96, 8506A) <1954

J. C. Keck and A. V. Tollestrao. Phvs. Rev 101. 560 '1956'.

• \Yhaiin. Schnever. and Hanson. Phys. Rev. 101, 577 ("1956.

II .Aleksandrov. Delone. Slovokhotov. Sokol, and Shtarkov

J. E.cptl. Theoret. Phvs. U.S.S.R. (to be published).

ffQBM N8S-413
<a-»-*3i
uscomm-oc lassa-R^s
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R«- W.C. Barber
Phys. Rev. Ill, 16^2 (1958)

Elem. Sym.

C 12

Ret. No.

58 Ba 2

Method

Activation EH

Reaction E or A E ad E J * Notes

C
12

(Y,n)

C
12

(e,e 'n)

C
12

(e,n)

Ratio of yields for (y, n) and (e,e'n)
reactions is consistent with mixture
of intensities of 92$ El to 8$ E2.

popm NBS-418
(8-1-43)
U3COMM-OC I8336-P33

U.s. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARC

PHOTCNUCLEAR DATA SHEET



R. Basile and M.

Compt. Rend. 24.6

METHOD

Gusakow

, 533 ( 1953 ) C 12

REF. NO.

58 Ba 5 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

type range TYPE RANGE

G.XN RLY THR - 23 C 13-23 BF3-I API

BREAKS

Fig. i. — Courbe d'activation da carboac.

a, voiiinagc da scuil
; 6, discontinuity irnportantcj; c, r.one de aa,8 MeV.

dans la courbc d'activationDisconlinuitis

KuU ct al.

(•).

19 , 3 dr o,o5 MeV
1

9

. 3 dr o,oj »

20, i rr o, oo »

20 .

5

dr o,

o

5 n

20
, 7 rr o , oo »

2 i
, i — o

,
o5 »

21.6 rr o
,
oo »

32 d: o, oo •>

22.3 rro.o5 »

Spicer ct I’enfoid

(>)•

in, io rro,o5 MeV
19,55 rr o,oo ’•

par reaction

J.intnik

(
J
).

19 , 1
t
rr o , 0 ( MeV

10,60 rr o , oi\ »

*C (y, /i)“C.

Uastle

el Gusakow.

(19,1; Mo\'

19,5 rr o
, o’* >

no , 1 5 rr 0 ,
u .5 »

ro .3 rr

*

21,4 Z^Z o , 0 -*> »

PO^M HBS-418
m tv. 7*

•

JSC OMM-OC 26010.P94 PHOTONUCLEAR DATA SHEET 47
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Zhur. Eksp. i Taoret. Fiz. 593 (1958)
Soviet Phys. JETP 4-10 (1958)

^icai- jva. -a

12

Method emulsions
;
bremss. Ret. No.

58 Ch 1 EH

Reaction E or AE
S
adE

J IT Notes

c
12

(y,p) Bremss.

50 ,
Mi-

Angular distribution for proton
energy groups 7-10, 10-13, 13-16
> 16 MeV.

[vi J00

I 1
£

I ^i- *

= I
i

mM

~ so I- I

i

?

J I

I

i

1

1

f ,

0 JO SO JO r20 ;JO 780 0 JO so so 720 /SO

3
a

rig. 5. Angular distributions of proton groups

irom photodis integration of C 12
by v quanta with

Ev najt
= 44 V‘ev; • - E

p
= 5-7 Mev, o - E„ =

7-10 Mev, k — E = 10-13 Mev, _ E = 13-16
Mev, x — p 1 lo Mev.

FORM NB5-A18
(9-l-«3)
U3COMM-OC ! 9936-P93

U.S. DEPARTMENT OF COMMERCE
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L “ M . 3 T M. A Z

V. N. Maikov
J. Exptl. Theoret. Phys. (USSR) J4, 1406 (1953)
Soviet Phys. JETP 7_, 973 (1953)

METHOD REF. NO.

[Page 1 of 2j
53 Ma 1 EGF

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

G.3A ABX 12 - 40 C 150.250 EMU-D 4PI

G,PA ABX 25 - 30 C 150,250 EMU-D 4PI

G,PT ABX 27 - 70 c 150,250 EMU-D 4PI

Some data on more complete breakup reaction, i.e. 1 H+3 H+2*He , etc.

" mbn

•-'ray energy. The solid line gives our data, the dashed one the
data of reference 3.

d (Gj^AJ

H P “

Ur JSj L'-l

J

LiA „n

rTV rH . C- i

•j a u *a *i it u m a n a u
ty. Mev

FIG. 3. Dependence of the cross section for reaction (ID) oe

•/-ray energy.

TABLE I. Integral cross sections for reactions (III)

and (V) in mbn-Mev

• Mot *0 «>—SJ JS-70 TO -IS

dm
iV)

3.35*0.20
3 . 1

1
^-0 . 2

1

: l -78-i-0. 17

1.54*0.18

1 0.82-MJ.13
1 0.84*0.14

0. 38-MJ.lt
0.16*0.08

Reaction III 12 c - H + 4 He 7 Li
Reaction V 1 s 0 - H +• *He + 1 '-3

NBS-418
<P £V . 7-1 A.84I
USC3MM.OC 28 0 1 0« P8

4

PHOTONUCLEAR DATA SHEET 49

u.s. department of commerce
NATIONAL 0UREAUOP STANDARCS



V . N . Maikov
J. Exptl. Theoret. Phys. (USSR) 3^, 1406 (1958)
Soviet Phys. JETP J4, 973 (1958)

[ Page 2 of 2 !

Elcm. Sym.

C

A

12

1

6

fethod Ref. No.

58 Ma 1 EGF

Reaction Result
Excitation

Energy
Source

Tvnc Range
Detector

Tvne Range Angle

•

FIG. 10. Angular distribution of protons in reaction (III):

a - Ey < SO Mev, a' - Er > SO Mev.

Reaction VI 12 C+y — p+t ^-2a - 27 MeV.

FIG. 11 Angular distribution of protons in reaction (VT) for
Ey < 70 Mev.

Jmbn

tions on the energy of the y-ray: 1-(I), 2-(UI), 3 -(VI),
4 -cross section for photoproduction of stars with two or more
prongs in the interval Ey - 30 to 80 Mev from reference 1,

5 — C“ (y, a)C“ from reference 3.

o.s. dep»stm£«t of cowMenc
national. auneAu or jtanca nc

rc «m HQS-413
((•!./))
u.cgmm-oc it«ae*o«3

PwnrnhiiicLSAR data sheet 50



ref. V.K. Rasmussen, r.R. Metzger, C.P. Swann

Phys. Rev. 110, lp4 (1958)

Elem. Sym.

12

Method
Van de Graaf; photon scattering, absorption; Nal spectrometer

Ref. No.

58 Ra 1 NVB

Reaction E or IE <7d E J a* Notes

CL -(y , y ) 4.43 4.43 Mean life:

14
r = (£.5±1.2) 10 sec

Detector at 90°, 126°.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARCeo PM NBS-41 3

(S-t.431
wScomm-oc lassa-^aa

PHOTONUCLEAR DATA SHEET 51



Ref. G. W. Taut fe st

Phys. Rev. 110, 708 (1958)
Elem. Sym.

c 12

Method Q
Li/ delayed neutrons; BF counters; Purdue University synchrotron;

Ion chamber

Ret. No.

58 Ta 1 EH

Reaction E or AE ad E ] * Notes

(Y,3p) Bremss.

100-520

(

320
= o.3l±0.05

MeV-tnb

Fig. 9. Photon cross section t'or the reaction I.;

obtained by the photon difference method from the yield point

ot Fig. 7. The photon cross section below 100 \lev was chose
arbitrarily.

u.s. department cf commerce
NATION*!. 3UREAU OF STJNCASOS

form NBS-418
(3.1.43)
XlSCOMM-OC US33-R43
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Ret. C. whitehead, W.R. McMurray, M*J. Aitken, N. Middlemas, C.H. Colli
• Fhys. Rev. 110, 941 (1958)

ie

Page 1 of 2

Elem. Sytn.

12

Ret. No.

58 Wh 2

Metnod Counter telescope; Bremss.; coinc. with n-counter.
EH

Reaction E or AE cxd E J 9 Notes

C(7,P) Bremss.

40-110 57-78

Curves and tables giving energy and

angular distribution of photoprotons
•having energies between 37-85 MeV
produced by photons of 45-95 MeV;

compare favorably with pseudo-deutror
calculations of Dedrick, e.g.

i

!

Fig. i Photoproton energy soectra irom carbon with 'lO-Mevi

oremsstrahlung. _ ,
Fig. 5. Angular ..Istriiuitionj oi pnotoprotorvs from caraon

with 90-Mev oremmsstraniung.

I i 1

co »m NBS-^1

8

ia-i-431
uscomm-oc i»sse-os3

MORE FIGURES ON PAGE 2

PHOTONUCLEAR DATA SHEET 53
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CORM NBS-418 U.S. DEPARTMENT OF COMMERCE
(8-1-43) NATIONAL BUREAU OF 3TANOARCS
USCOMM-OC 18358-043
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porm N5S-4I8
(a-t-^3)
u3COMM*OC ! 853«-P«3
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Ref - W.C. Barber, F.E. Gudden
Phys. Rev. Letters 2: 219 (1959)

Elem. Sym.

12

Ret. No.

59 Ba 1

Metnod
Mark II linear acclerator; 18" spectrometer

EH

Reaction IE

C(e,e ') 4-2.6 15-1 1.4-7

19

20

^
ad E J 7T

MeV-rnb 1
+

i 20$

Motes

— .00
SEciSTIC SCATTERING -3CU C

l
.

: : :: :5 13 n .3 «5

*S£"CT Mt.l •

FIG. 1. Energy distribution of electrons scattered

at 160° from carbon. The elastic peak is shown at the

rignt with the ordinate scale indicated on the right

margin. The dashed curve is the calculated tail of the

elastic peak due to bremsstrahlung. The solid curves

were drawn arbitrarily. The points without statistical

errors indicated have errors comparable with those of

neighboring points.

~o 9u NBS-al 8

jJCOMM-OC 1»S9«-P«3

PHOTONUCLEAR DATA SHEET 57
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Ret. E.3. Bazhanov
Zhur. Eksp. i Teoret. Fiz. 3_7 j 374 (1959);
Soviet Phys. JETP 10_, 267 (1960)

Elem. Sytn.

c 12

Ref. No.

59 Ba 2

Method

Bremss.; Nal-Csl telescope JH

Reaction

(7;P)

AE

protons
17.3-52, .MEV

ad E Notes

Took difference of yield measured
with 2 Bremss. spectra 62-69 MeV.

do-

0 [

i

i

I

ooiy

sterad«Mev»Q

FIG. 2. Energy spectrum

of protons ejected from C u

wnen this nucleus is irradi-

ated by the full bremsstrani-

ung spectrum having

£
y max = 39 Mev. Protons

observed at 90°. •— our

data, 0 — data of Whitehead
et al.,

7 x-data of Chuvilo

and Shevchenko.* Errors

shown are statistical.

d J1 ' JO 40 m it 70 it

FIG. 3. Energy spec-

trum for protons from Cu

for rays in a narrow ener-

gy range; 6 = 90°. Curves

calculated from data of

Dednck;* 1 — without

taking into account scat-

tering of protons in the

nucleus, 2 — taking scat-

tering into account. The

errors shown are statis-

tical.

10
,l2ik

m

cm 1 10-*°

3teraU*M*v.Q

0.01

Mev

si <0 m m v

Proton yield.

cmMCr**

Proton yield.

vtoan Jttrw- Me v-Q r **« dt«rr»Q • M«v-0

^ pr«on
- energy

Mev
£v-n«»" * enervy

39 M*v Mev
EVM-82M.V -vt,., •

39 Mev

i

!T
?

4.J2S i- 1;
1 *'<2 ’’-4 2 ' 1 1 4 • > • 1 ,.H

.

j j
.

h ?a

I' - 1 'I22J

.i * j

.

i
:

i f

i

'' :,73 i -i i

’

\
7

:
:

form NBS-418
ie-i-«3>
USCOMM-OC I8SJS-P83
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W. C. 3arber and W. D. George
Phys. Rev. _u6, 1551 (1959) C 12 /

o

METHOO REF. NO.

59 Ba 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABY THR - 36 D 10-36 BF3-I 4P1

Fig. 5. Yield of neutrons per incident electron is i functK* •*

initial electron energy for the low-Z elements. The concrete urr'"

is a simple 3:1 sandicement mixture. The numbers at the nr

right refer to the Cu-f curve it the indicated energies.

Table I. Thicknesses of the targets used in the experiment,

with the e.xcemion of heavy water. ail targets contained isotopes

in their naturally-occurring proportions.

Target
Thickness

t: cm*)
Th'ckness

'radiation lengths)

Heaw water 0.698 "thin"
Be 0.539 0.00867

C-I 38.91 0.38

Al-I 34.19 1.00

Lu-A 1.372 0.108

Cu-t 13.26 1.04

Cu-II 26.56 2.08

Cu-rn 59.36 3.13

Cu-rv 53.13 4.17

Ta-I 6.21 0.98

Pb-r 5.38 1.01

Pb-ri 11.42 1.97

Pb-in 17.30 2.98

Pb-IV 22.39 3.94

Pb-VT 34.42 5.03

L'-I 6.17 1.14

u-n 12.42 2.30

18.61 3.46

Concrete 23.5 1.19

00 « 10

ONE RADIATION LENGTH
TARGETS

1 ~ 34.3 MEV
. |

• EXPERIMENTAL POINTS
I

• CALCULATED POINTS

1

•

s
•
•

i

NORMAL I CAT ION”
POINT

i

I

i

i

r.
!

1

i

r-

r

;

i
!

20 40 60 SO 100

ATOMIC NUMBER Z

i .c 14. Experimental and expected yields of neutrons per

ctJent electron tor l-raaiat;on-iength targets at 34.3 Mev, as a

function oi atomic numoer Z. The expenmentai yields were

.laineu by dividing the measured yields from the targets labeled

1 bv the actual tarcet thicknesses usted in Table 1. The expected

ie:as were calculated from excression t8).

u A. I. Berman and E. L. Brown. Phys. Rev. 96, S3 y 1954).

U.5. DEPARTMENT OF COMMERCE
ilTIONlt BUREAU OF 3TANOAROSFORM N 8S-4 I 3

IR e V . 1.1 4.441
JSC t MM. O C 2S013-R44 PHOTONUCIEAR DATA SHEET 59
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V. ?. Chizhov and L. A. Kul ' Chitskii

J. Exp Cl. Theoret. Phys. (USSR) 36, 345 ( L959)

Soviet Phys. JETP 36(9) 239 (1959)

C.L. C.M. a r M. , A

12

NETMOO REF. NO.

59 Ch L EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PAN GC TYPE RANGE

G ,XP RLY THR - 30 C 30 TEL-D 15 - 45 90

G.XD RLY THR - 30 C 30 TEL-D 15 - 45 90

300 r

KJ£L D TD" p
1

iLD

HG. 3. Energy distributional O - photoprotona and Q — photo*

deuterona fro® C“ with Zy alI “ 30 Mev. The ecale of the

ordinete »'« for deuterona la enlarged by a factor of 10.

photodeuterona to the atueoer of photoprotona from C** aa func-

tioaa of particle energy: o - with Er-„ - 30 Mev and e - with

Ceaal “ 300 Mev.

Xy*’

a-

. FIG. 4. Ratio of the

/ - Y number of photodeuterons

I
• to the number of photo-

4r ‘

I
i protons with the same en-

I

• ergy, as a function of en-

A ergy: 0— for C“ and
'[

6
e — for Be’

.

1
i f

r- o .
- -

i -

1

A o
1
lie

o
•
L

5 ,

"j a 33 40
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Ret. L.D. Cohen, W.E. Stephens
Phys. Rev. Letters 2, 263 (1959)

Elem. Sym.

12

Ref. No.

59 Go l

Method

Monochromatic capture y's; activation; Nal detector EH

Reaction AE ad E J * Notes

C
12

(y,n)
20 * 2"21

20.1" "20.2 2d3 20.4 2d.; 20.6

o«* I

'20.7 203 2C.9 ~2T0 2U

FIG. 1. C l2'v,rfi activauon curve. Cross section

in miilibaras for the photoproduction of C 11 raaio-

activity 13 a function of pnoton energy in Mev. The

ia6ned figures inaicate energy resolution vs energy

aeauced from tritium- zirconium target thicKness

measurements ana Doopier unzie calculations.
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E. L. Garwin
Phys. Rev. 114, 143 (1959) 12

METHOD

59 Ga 1 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

G,G LFT 15 c 19-42 NAI-D DST

Direct measurement of j dE = 2. 11±0. 31.
- s

15. 1 MEV levs:

Table L Properties of the 15.1-Mev, T— l, /— 1+ level in C“.

Nacionnl Hurcau
Till! of Standard*

experiment experiment*

1. TcaJe absorption cross section 29.7 = 1.1 22.2 = 2.2

bams
2 Ratio or Doppler broadening

to total level width 0.62± 0.10

3. Total level width 64.5 =10.4 79 =16ev
4. Radiation width to the

ground state of C 1’ 39.2 = 9.7 54.5 ± 9.3 ev

5. Rauiation width to the 4.43-

Mcv stale of CM 3.2 = 2.5 <5.5 ev

6. Alnha-partide width to the

2.9- Mcv state of Be4 2.1 = 3.2 (13.6<r.<24.5)
=8.2 ev

7. Integrated elastic scattering

craa section 2.3J± 0.19 1.90± 0.27

mo-Mev

• Sea reference 5.

5.
E. Hayward & E. G. Puller, Phys. Rev.

106 , 991 (1957). Fig. 4. The angular distribution of photons scattered
from the 15.1-Mcv level in C'*.

U.3. DEPARTMENT Zr DOMM ERC'
NATIONAL 3URE*m D F 3TAN3AR“_- o pm n3S-a)8

R EV .
7- • A- 44)
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I

Ref- D.S. Gemmell, A.H. Morton, E.W. Titterton
Nuclear Phys. 10, 33 (1959)

Elem. Sym.

C 12

Ret. No.

59 Ge 1

Method
Cyclotron; gamma-ray yield; Nal(Ti) detector

EH

Reaction E or AE dE J
« Notes

B
U

(p,7) 19.6-

23

22 . 5±0.1 a(y, p) 90° = 29=5 mb

.

Two compound states at 21.4 and 22.1
MeV figured in absorption; data

12
agrees with Barber 's_C

-
(e,e') data.

Katz breaks not seen.

Proton energy range 4-7*7 MeV.

Yield at 90°

Fi^. 5 'a| The 3 u 'p. yC !: yield cune c 01 Cair cl j

-jmDarisr.n.

scr rr a.iu •

Ref. 10: Blair, Kington and Willard,
Phys. Rev. 100. 21 ( 1955 )

.

Ref. 13: Blaser, Boehm, Marmier and
Scherrer, Helv. Phys. Acta.

2^o ^65 (1951).

Ref. 15: Katz, Washington Photo-
nuclear Conference

-orm NBS-418
<9-1-43)
USCOMM-OC 185S8-P93

U.3. DEPARTMENT OF COMMEPC
NATIONAL BUREAU OF STANQAR

PHOTONUCLEAR DATA SHEET 64



PHOTONUCLEAR DATA SHEET 65



Ref. J. Kockum, N. Starfelt
Nuclear Inst. Meth. 5, 37 (1959)

Elem. Sym.

c 12

Method
30 MeV synchrotron.; Nal(T^) sinctillator spectrometer; photon

spectrum

Ref. No.

59 Ko I EH

Reaction E or A E
S*

dE Jrr Notes

C(<7
t

) 3remss.

30.5 23 4.6
27

! =0.12 MeV-mb
10

Tablz 2

Experimentally determined giant resonance data; peak

energy, Em„. width at half height, AE. and integrated cross

-27 MeV (•«

section,
)

<rcLE. and values of crdE predicted by the

•MO MeV j0

dipole sum role.

Absorber
£
(MeV)

AE
(MeV)

-27 MeV
j

j

adE
MO MeV

CodE
Jo

Carbon 23 4.6 0.12
I

0.18

Aluminium 21.5 7.8 0.24
j

0.40

Sulphur 21 6.6 °- 3°
i

0.48

Iron .93 9.4 0.76 0.84

irttee five riw total pnotnnu*

») B. Zieg ler. Z. Physik 152 ' I958i 56b.

l7
) J. Halpem and A. K. Mann. Phys. Rev. 83 ( 195

R. Montalbetti, L. Katz and J . Goldemberg, rt

Rev. 91 (1953) 659.

i») L. W. Jones and K. M. Terwilliger. Phys. Rev

(1953)699.

») W. C. Barber, \V. Dt George and D. D. Rea

Phys. Rev. 98 (1955) 73.

,l
)
F. Ferrero, R. Malvano, S. Menardi and O. Terra

Nuclear Physics 9 (1958) 32.

**) L. Katz and A. S. Penfold, Phys. Rev. 81 (1951

!3
1 S. A. E. Johansson. Phys. Rev. 97 ' 1 955 1 1136.

37'
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J. O'ConnaLi, P. Dyal, J. Goldemberg
Phys. Rev. 1 16 , 173 (1959)

12

METHOD
Betatron

REF. HO.

59 Oc 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,2N RLI TKR-100 C THR-100 ACT -I ifPI

REL T4 Gj_N

Table II. Relative integrated cross sections.

Element (v.»)

Position
of the
peak for

(y.rt)

Position
of the
peak for
(r.2i»)

Cu 1 23 Mev 0.003 42 Mev
>r*‘ 1 24 Mev 0.007*
0“ 1 22 Mev 0.002 40 Mev
r* 1 20 Mev 0.14 32 Mev
Naa 1 20 Mev o.os 32 Mev
p« 1 20 Mev 0.06 (y,2 1>)

0.08 (-/,2pH)
43 Mev (7,2p)
50 Mev (y,2pn)

The (v.») integrated arm section ni taken from reference 4.

MAXIMUM BETATRON ENERGY (MEV)

Fig. 1. me energy dependence
or several photonudear reactions.
Tie relative yield scales of dif-
ferent graphs are independent.
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P. Paul and U. Stierlin
Nucl. Physics 576 (1959) 12

METHQO REF. NO.

59 Pa 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, G ABX 17 D 15.13 NAI-D 17 90

Source Li(p,y) with E = 500 keV.
P

Tabellz I

Die gemessenen totaien Streuqucrschnitte in cm 1 unter Annahme von El- und E2-Streuung

Element eiger.e Werte
Fuller und
Hayward ll

)

Stearns •)

Pb (5.6— 1) x 10-” : (4-8) x 10-*’ (5-9) x 10-*’

A1 (2 = l)xlO-“| (2-6) x 10-**

0 (1 —5) x 10"**

C (5.8-2) x 10-M
,

Durch die Wahl derMeOgeometneergibtsich fureine El - wieeme E2-Winkelverteilunginnerhalb

der Fehiergrenrcn dor numcrischcn Rechnung der gieiche Wert f Li r den totalen Strcuqucr-

schnict. Die angcgebencn Fehler enthalten nvr den Fehler in der Bestimmung des pnmarcn
y-Flusses und die statistischen Fehler der Streuraten. Zum Vergleich sind die entsprcchcnden

Ergebnisse von Fuller und Hayward >’) und Stearns *) gegenubergestellt. Die angegeoeoen

Werte gehdren jeweils ju den Fehlergrenzen.

»o N BS-418
IREV. 7-1 4-841
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R«. A. S. Penfold, E.L. Garwin
Phys. Rev. Ilk, 1324 (1959)

Elem. Sym.

C 12

Method
3 counting; self absorption measurement; bremsstrahlung

Ret. No.

59 Pe 2 EH

Reaction E or AE <7d E J * Notes

C(|i
t

)
Bremss.

30.7

Carbon and oxygen detectors were
used. The average value for the C

absorption cross section is just that

to be expected if c is smooth.

3CH
I

to-0 >,

Fig. 3. The experimental results isniid dors comna-ed t.->
-

dictea results crosses). The predicted result' ve re o ;

assuming completely -smooth" cross sections. ^ .»

photon absorption cross section tor ovv^en a%*e ra<Te'i° cross section. .^ c is the total nimVm ab«-.r4cross section tor oxygen averaged over the » "-
- n <

-

section, and so on.
* * ' L '

fORM NBS-413
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Ret. S. Penner, J.E. Leiss
Phys. Rev. U4, 1101 (1959)

Elem. Sym.

12

Ret. No.

59 Pe 4

Method
Proton counting; BremsstrahlungL Csl spectrometer

EH

Reaction <7d E J n Notes

c
12

(y,p)

Figure 6 : Ground- state anguiair dis-
tributions at 5 photion energiies.

The solid durves arej least- squares
fits (see text). Thje dashed icurve

•/ith the 22. IMeV dat«i is propoytion-
il to 2+5 sin~9, normalized toj our
data at 90 c

• The curjves are label-
led with the appropriate photbn en-
ergy. Note! thac thq cross sebtion
scales are not all elqual. Unber-
tainties slrown are statistical only.

Ground state and first excited state
of Bll cross section measured. Angu-
lar distribution fit with:

^ cos
L
9 and ^ c^P^cos 9 )

.'.•Lain •nwoM.i'wu.M m«(w>u

0 MO-eOOU
•I US*0'MI

-•> tm*o.u9S
-•» ioi *d'jra
-«) 199*0. Id*

0 J07 *0 007

<ioto*oo7]

• 110*0 00*

MI|M*OOI6l uo+»:*

>OJlO*OUill -0W"r

• >k4>«ooi» -.iti.wivuijua
•lUIJdxilUUTS

/\
; jL

1 E

rfE
. L

*• * i
•* *

. li .P'»* •ectioii .il '**’ a> i jr.cUi'ii •

rvi> (Vrcics .ire r ‘he smunii -‘ale .in-t -iu;»res arc

- »
' * •' I’.- U .il -n

'

- In
:

rr. r •M.r.-., *,
. l ». l ... .rruii/iu

i a* j: 1 Mi \

! 1 1 _

6 ii 2 * 3 33 Is iZ **

3“0TCN £
^
- r. m *

.

Fig. ') Coefficients r. nf Lcsenrire 'viivrvmiais

least-squares tits shown in Fiir. ' a :u r ct:« <i rr

tainties shown are statistical • *n I v W here r- -rra;

il is smaller than the sue • >! tne - The -rr....

’ .r illustrative nurpnses *>riy
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A. S. Penfold and E. L. Garwin
Phys. Rev. 116 , 120 (1959)

12

METHOO REF. NO.

59 Pe 5 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 19 - 61 C 19-61 NAI-D 135

Fits. 5. The scattering cross section for C at 135’. The crosses
designate points which can only be due to elastic scattering,
while the dots designate points for mixed elastic and inelastic
scattering. The mixing is defined by Eq. (IS) in the text. The

1 data were obtained from irradiations with bremsstrahlung energies
oi 17, 23, and 61 Mev. The solid curve is a predicted cross section
(see text for details).
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EL EM. SYM. A

Dror Sadah
Compt. Rend. 2Ag, 531 (1959) 12

METHOD REF. NO.

EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N NOX THR - 19 C IS- 19 ACT-

I

API

G,N N0X 19 - 21 C 13-21 MOD-

I

API

Rcsultats arec l'anthracene (MeV). 3REAKS

Kau (*) 18,90 18,96 19,08

Present travail 18, 86 18,96 19, 10

r»c0\

1

no, 03 11O O

Resullals obtenus avee la paraffine (MeV),

Spicer et Pem'old
1 9 , 55 •OiO-3 20,35 (*) 30,750
no , i

).’) no ,
o5 no ,

00 no , o5

Present travail. .
1 9

,

50 • 9 . 9*5 20 , 3
" 20,75

no, 03 no ,
03 no, 03 no , 03 no, 03

Katz (•) 9^7 * 9 ’ 93 20,29 20.62

Courbe d'activation da la reaction C'^ynJC”

Activation

»opm HBS-^13
(P CV. 7-1 A» 641
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A. Bussiere de Nercy and M. Langevin

J. Phys. Radium 2J., 293 (i960) (See 61 3u 4 )

Ei_£M. SYM. A

L2

METHOO REF. NO.

60 Bu 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPf RANQS TYPE RANGE

G.G LET 15 c 23 NAI-D DST

f
Y = 5ot 11 eV. f = 72±i4 eV.

porm HBS-418
(RCV. 7-« -*-44)
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Rtf- V.P. Chizhov
Zhur. Eksp. i Taoret. Fiz. *8 , 809 (i960 )

Soviet Fhys. JSTP 1L, 587 (i960)

Elem. Sym.

G 12

Method
90 MeV bremss.; scintillator counter telescope

Ret. No.

60 Ch 1 JHH

Reaction E or A£ a d E J Notes

C(Y,p)

C(Y,d)

Bremss.

90

FORM NBS-418
'9-I-63)
JSCOMM-DC 1S330-P03

Ratio:

cr(Y,d)/a(Y,p), 9 = 90°

Energy range of E and E • 15-5 Co 3 (

p MeV

YIELD DATA TABLE:
i - i- " 1

'—

—

It snould be noted that the yieid of photoprotoas
of che energy considered rises smoothly with Z
tor the elements plotted in Fig. 3. and that start-
ing already with Al, no direct proportionality to
Z is observed on account of the effect of the Cou-
lomb barrier. For illustration, we give the yields
of photoprotons Y(y, p) per proton in the nucleus
for several elements in relative units ( the error
in these measurements was estimated to be =10%):

leuietona at eieti* IS S—

j

0 *

,.~i r% Ed. iD, a/o.wv* <»"

Y(7.P»

Li 7

1.5;

3e C

1 31

A l

\ 00

Cu

0 56

J U

\ r

-/ S \
*

'-l

r. \ ’. cR*

\\ = =

.

FIG. b. Angular distnbutions

of photoorotons of energies 15.5—

30 Mev for LC ,
Li

7
,
3e. and C.

The errors are statistical.

FIG. 7. Angular distnbutions

of photodeuterons of energies

15.5-30 Mev for Li*, Li
7

, 3e,

and C. The errors are statistical.

The solid curve gives the calcu-

lated results for photodeuterons

from Be.

u.s. department of commerc
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M. Gamier, H. Gauvin, W. Sebaoun
J. Phys. Radium 21 , 89? (I960)

ELEN. 5YM.

12

methoo
Van de Graaf; alpha cross section; nuclear emulsion;

ion chamber.

REF. NO.

60 Ga 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE PANGS

G, 3A ABX 15 ,
18 D 15 ,

18 EMU-

1

( 14 . 8 , 17.6) ( 14 . 8 , 17.6)

-28 2

• -98 2
cr,,„ ^ = 1.90±0,21 x 10 cm

r

( 14-. 3 )

'( 17 . 6 )

P O RM NBS-413
(R ev. 7*1 4-44)
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Pt.ya. Rev. US , L3C2- L2 ( L96G^
»'1C i fuCOu

12

METHOD

3etatron; neutron threshold; ion chamber

ref. no.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE |
DETECTOR

ANGLE
TYPE RANGE TYPE RANGE

G,N N0X THR C THR BF3-1 L PI

THRESHOLD

Table I. Summary and companion oi neutron separation energies inferred from present threshold measurements with values predicted

from mass data and reaction energies. All energies are expressed in the center-of-mais system in Mev.

I<rm:( I,hi

C !!
(7 ,7 )C"

No. runs

1

l’rescnt results

15.115i:0.006(calib)

Other results Method Reference

15.116=0.006 B"(<f.»vuiC3

5 H. W. Kavanagh ami C. A. ilarnes. t’liy3. Rev. U2. a'la vl 0 '^

“5 K* NoS-H *3 j.s. oePARTMesTOr cowwr-j-:
NATIONAL 0OREAUOP

32



S. S. Hanna & R. E. Segel

Proc. Royal Soc. (London) A259 , 267 (1960)

. .*1 . j i M.

12

METHOD

60 Ha 2 egf

reaction RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G , G ABX 15 D 15,17 NAI-D 90

Table 2. Values of (I^/T) (in eV) obtained in the present experiment
AT DIFFERENT PROTON BOMBARDING ENERGIES. The ERRORS SHOWN INCLUDE
ONLY THE STATISTICAL UNCERTAINTY

E, (keV)

sorios l

toned 2

aver.

500

53-4 + 0-6

34-6 + 0-7

44-0 ± 4-8

360

42-8 ± 4-6

53-5 z 4-6

48-2 i 3-3

1125

52- 9 ±4-1
44-3 + 4-1

48-6 + 3-0

aver.

49-0 ±3-0
44-2 + 3-0

47-0 ±2-1

Table 3. Values of T^ and <r
t
dE obtained by various investigators

investigation I\# (eV)
j
<r,di?(mb MeV)

Hayward 5c Fuller (1957) j4-5i9-3 1-90^0-27
Garwrn (1959) 59-4r‘3-7 2-33 = 0-19

Barber a Guaden (1959) — 1-47 nO-29*
present experiment + 50-5 + 7-1 2-20 + 0-31

• In more recent work ; Barber, W. C., 3erthoid, F., Fricko, G. 5: Gudden. F. E. i 960
+!• .inter. Phya. Soc. (2) 5, 271 it is reported that this result may indeed be too iow.

From tho results of Miller, Pixloy A Segel (following paper).

U.S. DEPARTMENT CF COMMESC'
NATIONAL BUREAU O 7 5TANCASC.

-obm N3S-A13
'.REV. 7-1 4- 44 *

USCOMM-3C 26 0 1 C- 4 PHOTONUCLEAR 0ATA sheet 33



Ref. D. Jamnik, p. Axel
Phys. Rev. 117, 194 (i960 )

Elem. Sym.

Ref. No

12

Method

Betatron; photon scattering; Nal 60 0a 1 JHH

Reaction E or AE ad E J
Notes

c
12

(y,y) Bremss,

25

15.1 Used polarized bremsstrahlung to show
that transition is Ml.

! < ,

T-i"'

9 Yzimuchai ancuiar distribution of eiasticaiiv scattered
15 Mev gamma rays. This is a polar plot ia xhich 'he radial

soa.e is in counts per r. The inner circle corresponds to 10 counts r;

the ;uter circle corresponds to JO counts, r. The avenue vame *>t

'he ^ data points is 1^.2 counts- r. Background has oeen siir.'.ractcu

ar.ii T , tcltCli'in e:rici<:;i v corrections have -m trade to com-
pe*; 3atf r the rxisitixp. 1'he solid curve is ;ivm ?iv: -counts- r»

= 1 5.4 1 -U.51 ros:
-?>, 1 his corresponds 'o = 155. 0.5 1 is

appropriate rather than 0.53 due to rhe "nitc -olid angle «»t 'he

detector.

Mg.

T 10. Polarization as 1 function of ansie. The
P 115 sio-vn are : • *r !“

!

'
T. v ’• ronsstrahiunz

ir--.p.2 :- .ti J5-'. lev vi^T :* cr^-savs -\;rr

ar.* : ,r the \1 tarsec with •{. = '» 57; the <maii •

Vl 'h »«f»0.64. The statij’icai -r >rs arc ;h;vn. T!.<

art :h<>se given ‘.v the calculations discussed ir. rhe

e.Tpert
~

rtimma

-5 are IV
1 :"i:d ear-* :

porm NBS-418
18-1-43)
U3COMM-OC T855fl-P«3
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G. Tamas, J. Miller, C.G. Schuhl
J. Phys. Radium 21, 532 (I960)

METHOD
Linac; total absorption; magnetic compton spectrometer;

chamber

1
di- c.M. i rM.

ron
REP. NO.

60 Ta 2

12

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANOC TYPE RANGE

G. MU-2 ABX 11-32 C 32 MAfi-D 4PI

32

J
CT
nucl

dE = (200±35) MeV-mb

11

32

\ |
dE = 8.7±1.5 mb

11

Fu;. 1 . — Sections uUiciicus d’ubsorpUou
de photons pour ‘-C.

FORM N8S-416
(REV. 7-U.MI
J3COMM-OC Z«010>P44 PHOTONUCLEAR DATA SHEET 86

U.S. DEPARTMENT OF COMMERC
NATIONAL BUREAU OF STAnOARC



Ret.

J .M. Wychoff, H.W. Koch
Phys. Rev. 117, 1261 (i960 )

Elem. Sym.

12

Method

ISO MeV Sychrotron; total absorption; Nal,

kef. No.

60 Wy 1 JHH

Reaction E or iE
s
ad E J Notes

r
total

Bremss.:

35-90
0 267

meson

±15t J

threshold )

- L 5 MeV

Substraction of S’electronic as

base-line.

MeV-barns

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAU OP STANDARDS

po rm H BS-4 1

8

(8-1-631
JSCOMM-OC 18S36-P63

PHOTONUCLEAR DATA SHEET 87



Ref
- B. Ziegler
Nuclear Phys. VJ^ 238 (i960 )

Elem. Sym.

12

Ret. No.

60 Zi 1

Method
32 MeV betatron; magnetic pair spectrometer

JHH

Reaction E or ±E

Bremss.

32

<7d E I IT Notes

E =
x

10-30

——Quanrererersie tt i'IsV

Fig. 6. Kemabsorprionsquerschmtt von Kohlenstoff. ai Berechnet nach (3). Die smchpunktierte
Gerade gibt die bet einer truheren Messung 4

) (wobei nur der Gang nut der Energie. mcht der
Absolutwert der Schwachung gemessen wurdei irrtumlich angenoramene Lage der Xullinie von

an. '.voraus ein zu kleiner nert des maximalen Absorotionsouerschnittes resuitierte.
bl 1. cry. pi nach Cohen et ai. 5M; start des dorr angegebenen Wertes +.T(d<r.'d.O),0 > wurtie ent-

sprechend der Winkeivertetlung von Penner und Leiss ;1
) em um dl) % kieinerer Wert emgezeich-

net.

d. cri-’. p) durch detailed balance aus 3 ll
(p, y) gewonnen :t

);

3. <riy, pi nach Penner und Leiss is
).

4. cry. nl nach Barber ct ai. a )

3. Mitteiwerte aus 1. d. 3 addiert zu Kurvc 4;

ti. E.upenmentelle Kurve aus Fig. da.

7. Riesenresonanz von C11 nach G. R. Bishop und R. Wilson im Handbuch der Physik. Bd. 42.

S. 337 (Springer Veriag 10571

ci cj\y. .'in nacu Goward und Wilkins :4
1. ohne Femstruktur.

Ref L-
: 3. Ziegier, Z. Pnvs. i-- , ;~6

(1958).

Ref 21 : L. Cohen et al. Phys. Rev. JL2_

106 (19567

Ref 22 : Penner and Leiss - Phys. Rev.
11k, 1101 ( 1959 )

Ref 23 : Barber, George and Reagan -

Phys. Rev. 2§J 73 (1955)

Ref 24- : Goward and Wilkins - Proc. Ro-

Soc. A 226, 376 (1955); Proc.'
Roy. Soc. A 217, 357 (1953).

u.s. department of commerce
NATIONAL BUREAU OF STANOARZS

'Opw NS5-418
( 8 - 1 -43 )

uscomwoc lassa-p^

PKOTONUCLEAR DATA SHEET 88



P. Bounin, G.R. Bishop
J. Phys. Radium 22, 555*59 (i960

METHOO

Linac

12

'Page L of 2]

REr. NO.

6l Bo 4 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ SPC 0-164 D 194 MAG-D L35

Lti !. (unuis jroitrurcs)

Mil
,i|l

1

i'll

iii

i'i i.
till

I Pit eltstiqu*

,1 ill

:
i 'i

i

i

f, M«V

F:c. 3.

~53 ZZ 53 3 75 3 53 33—33 33 33—^3—33 53—773—33—7ST

— Spcclrc experimental a 135° dc diffusion d’electrons de 104 MoV sur une ciblc de 0'raphite do 0,361 s/cin*

Fic. 4. — spectre ?ris avec des cibles diflercntcs

et queu^ radiatives. La courbcia plus basso ost lacourbe u° 1.

fc N8S-418
m ev. ?-i *-»*i
U 3C 3MM.3 C 2SOIO-a«4 PHOTONUCLEAR DATA SHEET 89

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



r. bounin, G.k. Bishop
J. ?hys. Radium 22, 555*59 ( 196 L )

*

12

METHOD

Linac _Page 2 of 2]

REF. NO.

6l Bo 4 NVB

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A -Z ^
i

-3—sl (Unites arcitmresj
|
d£d£ k

1

i

i

i
: i

1

;

1

-
, 1

!i 1 !
i il

£, MeV
j

o :u_g±C 1 -
•

33 ‘ ^ * *7 50 73 S3 33 IM !;3 \23 \Z3 '.-u :sa :70 :iO ;so

r ig. o. — Spectre de diffusion d’elecfcrons de 194 MeV sur du carbone a 1 33 3 apres sous traction de la queue rauialive).

|

Apres soustraction de la QPw :i° A
' Apres soustraction de la QR r.'

"

-—-— Spectre theorique dans le cas d’un noyau a potential parab-h. n supposant une repartition gaussienne
de la charge dans le proton. (Le spectre a ete normalise pour aue so. i coincide avec ceiui du spectre reel./

TABLE I

dc

dir
n,!X barn/steradiax

KXEHGIE
XGITATIOX MeV

PHOTO X PONCTUEL PHOTO X G\U:

15,3 6,304 - ,
i 6

30,6 23,80 1 1,16

45,3 31,57 id , :g

01,2 24,38 10,95

76,5 16,42 7,78

01,8 0,33 4,65

107,1 3,39 2,03

122,4 1,07 0,59

137,7 0,10 0,12

153,0 0,02 0,01

form N8S-418
(R EV.
U3COMM-OC 26Q10*P44 PHOTONUCLEAR DATA SHEET 90

U.S. DEPARTMENT OP COMMERCE
NATIONAL 3UREAUOF STANCAflOS



A. 3ussiere cie Nercv
J. Phys. Radium 22, 535 (I9cl)

METHOD

(See 61Bu4)

EL EM. SVM.

L2

REF. NO.

Betatron; photon scattering; Nal 6i Bu 3 NV3

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,G ABX 19-36 C 32 NAI-D 14:

*orm HBS-418
CV. 7.I4.WI

JSCOMM.CC 2® 0 1 0- P64 PHOTONUCLEAR DATA SHEET 91

U.S. DEPARTMENT OF COMME=CE
NATIONAL BUREAU 0“ S t ANCARCS



Ret. R.J. Cence, 3.J. Moyer
Phys. Rev. 122. 1634 ( 1961 )

Elem. Sym. A Z

c 12

Method Synchrotron; Bremss; ~ monoergic photons by coincidence with electron:;

from donut target; proton telescope of 10 plastic scintillator separated by
Cu absorbers.

Ret. No.

61 Ce 1 JHH

Reaction E ot AE

G (y,p) 245 ± 1 cJ

E
0

r ad E J * Notes

Figure 4 data fitted with two quasi-
deuteron momentum distributions.

:.3 *

1

4. Experimental results. Plot of f he » lirTerenrfai cr»?s
*• *n r>er nucleus per selected photon for photoerofon pn • motion

* carnon at 'jO dec; hy 245s 15 Mev photons. Hie curves arc
1 dined in the text.

3 3

"io Tc Ho

P'Cfcn energy Mev
)

U.S. DEPARTMENT OF COMMENCE
NATIONAL BUREAU OF STANDARDS

form N 85-41

8

' 8-N43 )

uscomm-oc tasse-oea

PHOTONUCLEAR DATA SHEET 92



. 3. Dudelzak, R.E Taylor
• J, Ph.ys. Radium 22

, 5^ (1961)

METHOD
Linac

EL EM. SYM. A

12

Page I of 2]

REF. NO.

6l Du 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 13-18 D L6 - 15L MAG-D 135

Fig. 3.

93

fORM HBS-418
in tv . 7-' 4.641
USCOMM.OC 28010-064 PHOTONUCLEAR DATA SHEET

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU O * STAnQARQS



METHOO

Page 2 of 2]

12

6l Du 1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE -YPE RANGE

TABLEAU 1

0 = 135“

(—)
\ d 12/ uott (js1

(

exper.
(dnliivt*

f '

h
/—

'I

'.dll/
15,1 *1. l

vd 172/

MeV 10— 21 cm 2/steradian io- 3 10

—

32 cm 2/st. 10-.a 10—32 cm 2
/st.

46 i,;s 1,3 i 10 % 1,24 2,06 = 10 % 2,56 = 0,26

63,5 0,02 0,42 ± 10 % 0,44 4,04 i 10 % 1,78 = 0,18 1,08 i 32 0/
/O 0,43 ± 0,15

81 0,55 0,18 ± 10 % ' 0,16 6,66 ± 12 % 1,07 = 0,13 3,75 = 20 % 0,60 = 0,12

82,5 0,54 0,15 = 10 % 0,15 5,60 ± 12 % 0,S4 = 0,10 2,36 ± 20 0/
/O 0,36 = 0,07

100,5 0,36 0,055 ± io % 0,054 7,45 ± 12 % 0,40 = 0,05 0,45 ± 10 0/
/o 0,51 ± 0,05

no 0,26 0,016 ± 10 % 0,017 10,44 = 57 % 0,18 i 0,10 29,36 = 20 0/
/O 0,50 = 0,10

154 0,15 0,001 ± 10 % 0,0011 500 = 40 0/
, 0 0,55 = 0,22

k

4
<J ‘ (r;rmi •*)

0 02 CA 0.5 C.8 10 12

F:o. S. — Caicui da Dalitz et Yennie.
Noyau ponctuei. T? = 55 eV.

U.S. DEP ARTMEN' OF COMM£=C2
NATIONAL 3UREAUOF STANOAFO?

94

FORM N8S—*18
IF* EV. 7-1 A.8AI
UJCOMM-OC J8010-P84 PHOTONUCLEAR DATA SHEET



Ref. H.E. Gove, A.E. Litherland, R. Batchelor
Nuclear Phys. 26, ^0 (1961)

Elem. Sym.

12

Ref. No.

61 Go 1

Method
Tandem accelerator; Nal

EH

Reaction E or AE
S'

dE J * Notes

3
U

( P ,y)c
12

2.6-ll.lf- 22.5±O.OS J 4.7 X 10

MeV-b

k
E =7.12 MeV
Po

28
c(E = 7.12 MeV) = 1.3X10 cm

Po

This corresponds, in the inverse
reaction, to the peak in the giant
resonance with E = 22.5±0»02 MeV.

To

Jc(y,p)dE = 0.0^3 MeV-b by- detailed
balance method.

The absolute cross section obtained
here results from normalizing to the
data of Huus and Day [Phvs. Rev. 91,

599 (1953)].
.— I

ru » ener*\ levei %ua<mrr» (or md Na“ showing the region >>t excitation .-r

ver 'I lUedi ti <. ooin ni ol The tint excite*! states and the enerpci at which each p 1

ecorr.e"» .r.»taole - .aan » t neutron proton and aipna parade coiMioa The approximar** •>

1 the peak - i tne riant n-vonam.** 0R1 i* atv» imlicaUti

DtCITATlOM tNeNCT IN e" '<*«*)

!i a s j 12 u u a t* u u ll.

\
Bis r.jC'D '15.96

u«- 9 i p r. » C 17*11.53

. i an »aos -<aj? t one

»

*,

nf|-iaaia«i itaaei*»-aartaoei#

ANGLE 9 DEGREES)
F'm. 10 .Angular distnbutaon* of ground «tate fioou ravx from the reaction B11

(p, y) C'* measured

at loer incident proton energies below on and above the <iant resonance in C l * The proton

eoergv of 7.12 MeV correspond* to the peak of tne giant resonance The solid Une* are least

square Legendre polynomial Lit* the values of the coefficients axe given in the exprencoas

1 • sir.in>on

Excitation

• Mu’* m'. ,:

PHOTON ENERGY ( LAS I (MtV)

fig. i The vwld of gamma rava.leaning to the ground and first noted itate of C 1 * ’eeuiOng

trea proton capture ia 0“ and measured at 00* to tre incident been. The Caferent ivrnbols

etMv, iteld carve reprrwnt seuarare rune. The ordinates of the two viekl curve* are correct

refcin to ncB otacr H.« a useusee are marked born m term* of the incident Laboratory proton

tos r gy and in ntciuooo energy in tne compound oacleu* O’*

~o pm N BS-41

8

(8* I *9 31
USCOMM-OC 1 8858***€3

- DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANQARC-

PH0T0NUCLEAR DATA SHEET" 95



Rer.
V. Presperin, L.A. Kul'chitskii
Zhur. Eksp. i Teorat. Fiz. 4l, 60 ( 1961 )

Soviet Phys. JETP 14, 46 ( 1962 )

mem. -ym.

12

Rer. No.

61 Pr 1

Method g-z

(n, 2n) threshold detectors; positrons counted JHH

Reaction E or A E <7d E J* Notes

C
12

(7,a) Bremss.

:

30 - 65

In figure, curve 2 is calculated
(usins Penfold-Leiss) from curve
1, c(y, n) for all E > 11 MeV; curve

-j is -(7, a) for E > 11-21 MeV.
n

Yields analysed in terms of

63 ''2
Cu' y

(n, 2n)Cu“~ cross section anG

assumed neutron spectrum of from E

n = 1.5.

-n

*
;
-T. arb. units

U.S. CEPARTMENT of COMMERCS
NATIONAL BUREAU OF STANDARD

-o rm NBS-418
t8-1*«3)
USCCMM-OC t83Sfl-P63

PHOTONUCLEAR DATA SHEET 96



PHOTONUCLEAR DATA SHEET 97



PHOTONUCLEAR DATA SHEET 98



***** R.E. Segel, M.J. Bina
Phys. Rev. 124, 8l4 ( 196I)

Elem. Sym. A

12

Ref. No.

61 Se 2

Method
Cockraft-Walton generator; Nal JHH

Reaction E or ±E a d E J IT Notes

B
n

(p,y) 150-183
kev

E =165
° kev

16.11 D.22±0.09
ev

Detector at 90

Pure E2 transition.

I

'1

<

I :c. 1 Pnr.ooai ~ioo« or decay or :he 16.11-Mev stale in (.
1

I he ''artiai widths for these decays are given in Table I.

"th 1
j_-

-

•«.: > • * .

*»

. ‘Xr

:xl

1

tr.. 2. Vicld oi zarr.rra rays

Titaiiic natural <o->n target ;

1 : "siiv units are a*r itrarv

r -Tiinai. The irro« ;r. iiratrs

-1..4C • 1 .he ata v.-e 'aken.

«f encre> ^ 5 M
:s •-•i7u#arnc«i -'un

ird -he rromn
he »»mbar'.ine r.

I

l’ \ule [. Parameters oi the 16.ll-.Mev state in t v

All widths are in ev.

Reference l Present work

ri,b 7000 7300= 500“

r. 5 o9=l5h

r aO 100 290=45
ra ,

5000 Oo00±500
r,0 2 C 0.22±0.09c

i\i ;5 o.S±l.l

Keierence 7 .

Using tin* gam’iiu mv yield given in reference I.

faking I

-

*
*

, •J.J =U’ e from reference

Ref. Hunt and Jones, Phys. Rev. c9 . 12c-

(1953).
Ref. 4* : Huus and Day, Phys. Rev. 91 , 599

(1953).
Ref. 9 : Craig, Cross and Jarvis, Phys. Rev.

105, I4l4 (195c).

I IT. Reduce'! widths in singie particle uinis \.r •. ,i

.

radiations from the 16. ll-Mcv state in C :
-. The hasis h.r

single-particle units is given in the text.

Radiation

P
««

ui

0.8
10-'

2.5 X to-

il. 15

u.2<i

_ U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

S9

FORM N8S-418
1

9

- 1 -S 3 )

U3COMM-OC ISSJ8-P93

PH0T0NUCLEAR DATA SHEET



1

W. Sebaoun, H. Gauvin
J. Phys. Radium _22, 771 (1961 ) C 12 6

METHOD

Van de Graaf; 3 alpha spectrum; nuclear emulsion

REF. NO.

61 Se 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.3A RLY 18 D 18 EMU-D u PI

(17.6)

E* peaks: E* is excitation energy
in Be^.

2.9 MeV .

8.7

///:,:=, MeV

Fig. 1. — Distribution de £*.
Fig. 3. — Distribution experimental

et distributions calcuiies ce Ea .

FORM N85-418
{R CV. 7- I

U3COMM.OC 2001G-P64 PHOTONUCLEAR DATA SHEET 100

j.o. :epartm£nt :f mmepce
NATIONAL 3URSAUOF !. ANOA = --



I.M. Thorson, L. Katz
Proc. Phys. Soc. 77 » 166 (l9ol)

iLcM. SYM.

12

METHOD
3etatron; proton yield; radioactivity

REF. NO.

61 Th 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABI 18-23 c 18-27 ACT-

1

4PI

23 _lc BREAKS
j' cr(E)dE = llj.±3 MeV-rab

18

Table 1. Positions of Breaks and the Integrated (y, n) Cross Section or the
Photon Absorption Levels corresponding to these Breaks in the
1JC (y, n) lxC Reactions

(1)

18-73 Threshold
18-90

18-

96

19-

08
19-17

19-30

19-46

19-57

19-76

19-

92

20-

13

20-29

20-62

20-

90

21-

08
21-22

21-

58

22

-

02
22-88

(2) (3) (4)

0-0125 18-86
0-0155 18-96
0-0194

0-0236

0-0378

0-0583

19-10 19-10

0-0708

0-0626
19-55 ±0-05 19-56

0-127

0 206
19-95 ±0-05 19-95

0-282 20-35 + 0-05 20-37
0-616

0-657

0-761

0-956

3-

13

2-80

4-

12

20-75 ±0-05 20-75

(1) Energy of break £,•(Mev) (energies are to within ±0-04 Mev near threshold and
— Mev near 23 Mev)

; (2) f(<ry a)idEy (Mev mbn) (relative values are given to j
significant figures, absolute values are probably known to within 20%) ; (3) Spicer and Pen-
fold (1955) E

i
(Mev); (4) Sadeh (1959) E

i
(.Mev) (Saden quotes his energies to within

±0 02 Mev; this seems rather optimistic).

form MBS-413
(ft CV. 7-1 4>64)
U3COMM.OC 26010-P04

j. 3. department
, NATIONAL BUREAU OF 5TANOA°:

PHOTONUCLEAR DATA SHEET 1 01
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W. S. C. WiL Liams, H. S. Cap lan and D. T.

Proc. Phys. Soc. (London) 78 . 1125 (l96l)

METHOD

Stewart

12

REF. NO.

6l Wi 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 40 - 120 C 132 SCI- D DST

. _ i 1

" I2r

5 I

?*oto* tacrqy (HiV)

Fig. 7. The observed differential crou (action
at 90° againat photon energy. For details

ox the solid line, see the text.

Fig. 8. The observed differential cross sec-
tions at 112° against photon energy. For
details of the solid line, see the text.

no 5lr
i«r

Fig. 9. The observed differential cross secsio:

s

at 135° against photon energy. Fordetsiis

of the solid line, see the text.

Fig, 10. The differential cross section for the scattering in the rango 30-120 mov against

cos d. For details of the solid lines, see the text.

I-

(I* *V. 7-1 A.«4>
USCOMAA-OC 2(010-0*4 103PHOTONUCLEAR DATA SHEET

U.S. DEPARTMENT DF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ret
'

- G. 3onazzola, O.A. Borello, S.. Costa, S. Ferroni
Nuclear Phys. %k, 637 (1962)

Elem. Syra.

C

Ret. No.

62 Bo

12

Methodiod
100 MeV electron synchrotron; activation, Nal coinc. for

annihilation radiation of j3-"
r from cH. JHH

Reaction E or
$

crd E J
"• Notes

C
12

(Y,n) Bremss.

30-90

1,1

>0 I

aso
I

acoj-

I

\-

I

i°a-

I

i 3 aro»r

» Coo*

3 pr**#rt woi

Fif. 3. 7h* C«fy. a|Cu yteid. normalized to the data of ref. •>.

y4

Fig. ”• The comparison among the data of r 1 anu those of C !l

I

ef 6
:|

Barber, George, Reagan - Phys. Rev

T3 (1953)
Cook - Phys. Rev. 106 . 3C0 (ip:”'|

Ref 8

FO RM NBS-418
(8-1-431
USCCMM-OC 18558-P93

u.s. department of ccmmep ;

NATIONAL BUREAU OF ST A N Z - —

PH0T0NUCLEAR DATA SHEET 1 G4





Ret. W.E. Del Blanco, W.E. Stephens
Phys. Rev. 126, 709 (1962)

Method Electrostatic generator, (p,y)He'"
r

reaction; activation of

Elem. Svm.

12

positron emitter; 2 Nal in coincidence.

Ret. No.

62 De 1 JHH

Reaction E or AE dE J IT Notes

(y

}

n ) 20.1-21.2 c(y, n) = l.C4±0.11 mb at 20 .48 MeV

1052

r
i

4-

I

r
3H-

•
i

I

t

C 7»lC CROSS S€CT>ON

2 *

204 20.2 ZO.3 20.4 20.5 20.« 20.T 2C.9 20.9 21.0 Zl.l

PHOTON ENCMY ;M£V)

Figure 6 : The C^^(y,n)C“^ reaction cross
section in millibarns as a function of
photor energy in MeV.

FO RM N 85-4 1

8

( 8 - 1 -43 )

USCOMM-OC !833C-Rfl3

PHOTQNUCLSAR DATA SHEET 106

u.s. department op commepce
national BUREAU OF STANCARC-



Ret. W. R. Dodge, W. C. Barber

Phys. Rev. I2J# *7^6 ( 1962)

Page 1 of 2

Elem. Sym.

c 12

Method Magnetic analysis of proton spectra produced by electron bombardment
Ref. No.

62Dol BG

Reaction E or AE
S"

dE J * Notes

C
12

(e,p)
30
2k. 5

6.7
7.2

( 8 . 2 )

(8.9)
10.2
10.9

Giant re-
sonance
width=3.

1

29-3
i

20.3
(7, P )

dEy=

:

30±8 MeV-rab

100$> ground state

transitions
assumed.

Correspondence between (e,pe')
reaction and (y, p) reaction.
Assumed electron has associated
with it a virtual photon spectrum.
Electron production yields were
analyzed by use of El virtual
photon spectrum to obtain ex (y, p).

Angular distribution of proton
measured; assumed of groton for

A' + B' cost? + C' sin^ -f- ... for

incident ohotons.

Ses page 2 for figures and tables

CO PM N8S-418
0-1-43)
JSCOMM-OC 1 8334-PS3

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANCAPOS

PHOTONUCLEAR DATA SHEET 107
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Rcs
- R.D. Edge. G.A. Peterson.

Phys. Rev'. 128, 2750 ( 1962 )

Elem. Sym.
j

A

L2

-I'twod
linac; counter telescope

Rex. No.

62 Ed 1 3G

Reaction E or AE
I

^
<7dE(MeV-ml)) J Notes

C
12

(a, e 'h U.5 15.1 59 1.95*0.2 Nuclear states excited by lfiO

electron scattering; Ml transitions
assumed.

Inelastic electron scattering cross
sections obcair.ec by in-

elastic peaks to e-p eleastic
scattering peak.

T from virtual ohoton theory.
7

Limits not given for cross sections.

r, = 59 eV corresponds to transition

from 1 excited state to C ground
state.

Inelastic crosssection of 15-1 MeV
state = 1.82 (± 10^) x 10"52 cm2/sr

. t N 3^*4 16
•is)

18J3S-*33
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REF. EL EM . STM.

F. W. K. FIrk, K. H. Lokan and E. M. Bowey
Proc. Padua Conf. 304 (1962) 12

METHOD REF. HO.

62 Fi 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N RLX 21-29 C 25-32 TGF-D 2-15

U.S. DEPARTMENT CF COMMERCE
NATIONAL auSEAUCF ST AN SA POS

FORM NBS-418
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H. Fuchs, D. Haag, K.H. Lindenberger, U. Meyer-Berkhout
Z. Naturforsch. 17a , 439 (1962) 12

METHOD
Stilbene scintillator; neutron spectrum

REF. NO.

62 Fu 5 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 21 - 31 C 31 SCI-D 90

(90»15 )

Abb. 1. Ergebniase fur den C'^Kern. 1 a und 1 b: Cl5-Photo-
neutronenapektren, gemessen bei zwei verscniedenen Einstel-
'ungen der Impulstormdiakrimination. Enaenergie dea Breens-
strahlspektrums £5= 31 MeV. 3eobacbtung3ricbtung gegen-
iiber dem v-Stranl (9=90° ± 15°. lc: Histogramm: Wir-
kungsquerschnitt der C,f

(}», n,)

C

u-Reaktion. berechnet aus
dem Spektrum 1 b unter der Annahme. dad der Cn-Kem
stets im Grundauatand zunickbleibt. Die Fehierbaiken genen
den statiatischen Medfehler an. Die Unsicfaemeit der angege-
benen Abaolutwerte betragt etwa 2535. Kurve: Wirkungsquer-

acnnut der Clt
(y,n) C"-Reaktion nach Barbee et ai.

m
J.2. OEPARTMEilTO? COMMERCE

NATIONAL. BUREAU OF STANOAFOS
form NBS-418
(R ev. 7-1 4-641
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REF.

K.O. Hermann,
Z. Physik 170 ,

METHOD

EL EM. STM. A Z

J.A. Scheer
162 (1962) C 12

REF. NO.

6

3etatron; proton spectrum; solid state 62 He 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP SPC 19 - 27 C 31 SCD - D 5 . 9.4

J * s s t d ) ~a Te
'3 20 21 22 21 2* 2d 2S 27 £f

Fi*. I. Photoprotonen aus C“ Die an*e*eoenen y-Enenfien £y jeiten rater der Annadme, did die Re-
aetionen ruin Grundruetind dee rol^ekems fuaren. Da der Detektor rur Venpoflerra* der Zahlrate mb*-
iicdsc uu m He Target hennfebncbt woroen war. war der von Elektronen and y-Quanten aemduende

L'nterrrund :rou der reiativen UaempiindiicJikeit dee Detektore tiemUcd stark
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Ref 7. 7. Lin, 7.J.Loeffler, T.R.Palfray, T.S.Xla

Thy.

2

m*. 12&J 2784 (1962)

Elem. Sym.

Ref. No.

12

Mecho.
^rMh^«flala| confer taluoyt, pretM counter talaaaopa
C analyi 62111 S Gr

Reaction E or AE
s
ad E J* Notes

(y,p) 335 Polarisation of high energy photo-

protons given la

Mean proton production energy 163
MeV

9 +24-±15

a
p

9 =90
°

p

-11.8±15

- 11 . 3±15

Postulates identical y absorption

process for each kind of nucleus

( quasi-deuteron)

.

7ig.2j combined rasalts of Li^,

Be^, B
U

, C
12

at 3 eagles of

neasuroaant. 90 ** only

for Carbon data.

Pig. Z Ai Only SI transitions

considered. C-Ml transitions friom

3 1
- S

Q
also takan Into account.

Basalts ara consistent both with

a sera rains for tha polorlsatdon

and also with thaary.

form NBS-418
' 8- 1 -63 )

SCOMM-OC 18B56-P63

Fig. 2. Comparison of the e.^perimentai results
with the predicted.poiaxization^ .

U.S. DEPARTMENT OF COMMERCE
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W.T. Morton, T.G. Walker
Phil. Mag. I, 7^1 (1962)

12

Synchrotron; p and ae cross section; nuclear emulsion
REF. NO.

62 Mo 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G. PA ABI 25-120 C 120 EMU-D Lpt

120

r crdE = 1.9±0A MeV-mb
v
o

rig. 2

Energy dependence of (y, p-j- a ) reactions in l:C, -X and «0.
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P-et- J.A. 3ecker, J.D. Fox
Nuclear Phys. L2 , 669 ( 1963 )

Elem. Sym.

12

Metnod Van de Graaff; y yield; Nal
Ref. No.

63 Be 5 JHH

Reaction E or ad E
J * Notes

b
u

(p,7) 6-13.2

7.2 22.56

EKC-a-ncN e>£P<rr H C* 'vt*vi

21 23

T«*r
l y k

Condpjemaoo- Spla- Theory •> ’) Bxf*.

<ip»r*o*vr *iT
:

t* -y lfct
'

15.1 1*>
'

dmr'tv l— -0^ '
iar ^ nzry <;

ot*r*u<v Tffi JZ2
~

* 2£2J»)

dPtr'tJdf) l~ •'•'V 3-9 2X3*)

(lVHIp+J 1- 34-3

2- i*-i 16-57*)

(ip,rtt«6t
' 2- 22.1M

(ip,r*<2»*>- ; tr 2X9 .
2X6*3

(ipir'uef)
"

3- *>26-4*) 26.9*)

£-^PGV ”.i3)'V#vJ

Fi*. 3. The rtlau>« >«ldj at 90' of capture <ammj radiation :o the jrounu state Jf

excited Mate iy
t / ji C» following proton capture in 3“ The incident proton energy '.in*

to ! 3 M«V

Ttm

References

I > Gove. Lichertand one Butcheior. Nuclear Ph\ ».*.* 26 * d«)

2; Reay. Lee and Hmtz. Lniversiiv of Minnesota Progress Report l96i iunpu
1 F A izenocre-Seloxe and T Laurilscn. Nuclear Physics II < 1

4i M. Elatne Toms. L. S. Naval Researcn Laooraiory v..
I
< :

Jm) 1 unpuphsl

5 1 J. Fujiiu. Prog. Thcor Ph>s 16 :! u 56» : !

2

hi Gemmel. Morton and Tuierton. Nuclear Ph'-sics 10 1 1950« 3 *

"1 V \mh-Mau ana u. E. Brown. St.cicar Physics 29 'lorO -a

'» Bair. k.ngion and W Laro. Ph-.s Rev. loti • *55 , 21

” 1 M. Nomoii'. pr:\uic w*.*mmut$tiu;u«n
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P. Bounin, G.R. 3ishop
J. de Physique 2k

,

9Jk ( 1963 ) 12

METHOD
Linac; electron scattering; magnetic spectrometer

REF. MO.

63 Bo 3 HVB

REACTtON RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E / ABX 1 ro VJ1 D 200 MAG-D 20-190 135

E u

o dQ dE

k.kj MeV 3.7±0.b- ipi barns/str.

16.1 MeV L.2±2 tiu barns/ str.

19.8 MeV 7±2 mu barns/str

.

I

FORM HBS-41S
(REV. 7-14-641
U3COMI4-OC 26010-P64 PHOTOMUCLEAR DATA SHEET 119

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3TANOARDS



-O PM N4S-418
IB-1-43)
JSCOMM-OC 18336-“«3

u.s. department of c:mme _ :e
N A T* CN A l_ 3UPEAU CP ' -

PHOTONUCLEAR DATA SHEET 120



REF.
N.A. Burgov, G.V. Danilyan, B.S. Dolbilkin, L.E. Lazareva,

7. A. Nikolaev
Zhur. Eksp. i Teoret. Fiz. 1693 ( 1963(5
Soviet Phva. JETP 18, 1159-7l96k)

Page 1 of 2

ELEM. SYM.
i

A

12

METHOD
Synchrotron; total nuclear absorption; magnetic pair spectrometer;

ion chamber

REF. NO.

63 Bu 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
r
MU-T ABX 13-27 G 220 MGP-D kPI

- .
-

Table I. C 12 energy levels in the region 16—23 MeV
obtained by different methods

r rom ;ne nu«
;

clear absorp-
j

|

Fr0:a Frontion cross From the yield curve i

Photo-
I photo-

of C‘i(y,n) I
neutron

j ?roton
1‘1* *?e

fw5
u“

!

section
Pres* I

cat
•vork >

16.5

17.6

19.1

IS. 90

13.96

19.03

19.17

(00)

(120)

(90)

23.0

20.15

20.46

20.92

22.5

19.30

19.46

19.57

10.76

19.92

20.13

20.27

20.62

20.90

21.03

21.22

21.53

22.02

(130)

(160)

(110)

(190)

( 160 )

(210 )

(140)

(050)

(2S0)

(130)

(140)

(360)

(440)

From cross
section for

inverse re-

action 3li

(P. */o)C
u

ful

.-rom cross
section for re-

actions in-

duced by
charged

particle s[ J1
]

19.2

23.0
[

22. io 22.5

25.6 26.0 25.5
27.5

25.5

16.33
17.23
17.77
13.40
13.35

19.26

19.42

19.67

19.33

20.27

20.49

20.65

2:.24

21,30

‘Distances in IceV’between neighboring "brealcs'’ are given in parentheses.

<7, mb

FIG. 2. Cross sections for the C‘Vy,.i) and C‘
J

(y,p) reac-
tions compared with the measured cross section for y-ray
absorption in carbon. 1—cr(y.n),[*°] with data above 25 5 MeV
taken from [“]; 2-c<y,p); [»] 3-<7(y,n) + <7(y,p); 4-cross
section lor nuclear absorption in the 20 27MeV region.

Nuclear absorption cross
section 1 references on page 2

T 21
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METHOO

C L2 o

Page 2 of 2

REF. NO.

63 Bu 3

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table H. Parameters of C 12 giant resonance ob-

tained by different methods

r* Cross sec-
max* •** * i tion at max- : _
ot cross . T. >\eV
section

1 “““
!

;

I

3,5

f odE, 1

MeV-mb
Source

Absorption 23 16 3.2 34(27)* Present authors
cross 23 17 !

4 1C0(27)
section

21.3 24
1

1.7 63,'2i) f231

0*>
14.7— 1 **6(24) r 7i

Nuclear cross OO
\ 3.:**

|

3.5 (=*!

section of (y,p) oo r [“]
reaction

22.3 12.7
|

3.3
j

57(27) (

IS
J

22.5 12 ' 3.1 (

U
1

22.3 11
|

3.1 43(27) l

l3
l

22.5 3.3 1 4.3 23(27) (“1

22.3 10.4 ; 3.5 2.(25) !=*!

'.Tocleax cross 23.0 7.3 1 2.2 22(24) I’-

7

)

section of (y,n)
23.4 6.3 ! 3.2 24(25) [“1

reaction 23.0 7.5 4 35(27) [“]

! 23 3 4.2 34(27) I
s*]

•The upper integration Limits (in V.eV) ire given in parentheses.

••The data given here are the values corrected in [
u

] for anisotropic distribution.

a, mo

FIG. L C*
1 nuclear absorption cross section.

! B. Ziegler, Z. Physik 152. 565 (1958); Nuclear

Phys. 17. 233 (1960).
2 Burgov, Danilvan, Dolbilkin, Lazareva, and
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JET? 10, 1278 (1960).

I E. E. Carroll and W. E. Stephens. Phys. Rev.
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REF. ELEM. SYM. A

E. Finckh, R. Kosiek. K.H. Lindenberger
,

K. Maier,

H. Meyer-Berkhout, M. Schechter, J. Zimmerer

Z. Physik 17k , 337 ( 1963 )

°° Betatron; proton spectrum, cross section; Csl spectrometer

C

REF. NO.

63 Fi 4

z

L2

NVB

RESULT EXCITATION SOURCE detector
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

G.XF SPC 19-30 c 31 SCI-D 3-14 90

(30.5)

30

18

55±8 MeV-mb

assuming W(9) = 1

— 1 0
(1.2 ) sin 3 and ground state transition only.

-O.p

cd EytfeVj

Fiu. J. Differentielier WirkunRsquerscnmtt fur Photo-

pmtonenemission ausC 1 * unter 9°" rum y-Strahl unter

der Annadrae. daii nur Grundztistandsubereance vortie-

ren Duferentiellcr sVirkuncsquerschnitt fur

Photoneutronenenussion aus C 1 * unter 90* nach Fuchs

and Haag* ( —

)

4 Fisk, F.W.K., and K.H. Lokan: Phys. Rev. Letters 3, 321 (1962).

• Fuchs. H., u. D. Haag: Z. Physik 171, 403 (1963).

pom NBS.41S
IRCV. 7-K.MI
U3COUt.CC 29010.PB4 PHOTONUCLEAR DATA SHEET 124
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H. Fuchs, D. Haag

Z. Physik 171 , 403 (1963)

METHOD
Betatron; neutron spectrum,

ion chamber
cross section; stilbene scintillator;

EL EM. SYM. A

C 12

REF. NO.

63 Fu l NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G.XN ABX 20-29 C 71 SCI-D 2-11 90

(70.5)

1,9 r

1,2 -

^ 1,3

%
?

Ofi-

_S 0,6 -

s§

0,1 -

0,2 -

st

X

/
&

*

Carbon (e,pe')

£,-20 neV
$•76°

Assuming 100% ground
slate transitions

\
% -i

7 4 9 10 11

Proton energy (PleV)

12 73

20 31 22 33 29 25 25 27 25 23 30 31
Photon energy (fleV)

Fig. 3 a u. b. Spektren der Phocoaeutrcnen aus Kohlenstoff,

unter 90° b«i E*=* (30, 5x D MeV. a una b Ergebnisse zweier

unabhingiger Messungen bei verschiedener Eiimellung der

Impuisfonndiaknmmauoa

Fig.4au.b. WirkungsquerschnittefurdieEtTussion von Pholopartikeln aus C 1*. a C'* fy, p,) B“ Wirkungsquer-
Kbutt vonDooce und 3arbeb\ bereebnet aus den Spektren der Protonen aus Cfe, Fi B 11 unter der \n-
natune, dad 100% Ubergange rum Grundrustaad von B" vorliegen. b C‘*!y, n)C": Histogramm- Ergebnis
aieser Arbeit fur den Wirkungsquerschmtt vouC" fy, »,) C".bereebnet aus dem Neutronenspektrum in Fig. 3 bunter der Annanm e, dad 100% Ubergange rum Grundrustand von C» vorliegen. Die recbte Skaia gtbt
daldQ (90* ) an and weist in tbrenAbsolutangaben emen Fehier von 20% auf. wabrend-die iinke Skaia a an-
gibt, berectnet aus doldQ (go") unter der Annabme, dad die Winkeiverteilung die Form A + B sm1 1 haoe
mit BIA — 1,5 — I fiir aile -Veutronenenergien. Der Febler in den Absolutwerten ist dorr etwa 25%, Die
Fehierbsiken geben den tuustiscben Fehier an. Ausgexogene Kurve: ® fiir C"fy, niC 1 * von Biun et ai.»

J Barber, W.C., W.D. George and D.D. Reagan: Phys. Rev. 98, 73 (1953).

form NBS-418
(REV. 7-1 *-«4)
USCOMM«OC 2001 0*P44 PHOTONUCLEAR DATA SHEET 125

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAUOF STANQARQS



Ret
- J. Goldemberg, Y. Torizuka, W.C. Barber, J.D. Walcka
Nuclear Phys. k^a 2k2 ( 19^3

)

Elem. Sym.

c 12

'
kef. No.

63 Go k

Mecnod
Linac; electron scattering; magnetic spectrometer

JHH

Reaction E or AE ad E J * Notes

C
12

(e,e') M.5 Giant resonance Pa (7 abs.)dE inferr ec

to be ~ 30 MeV-mb.

CARBON (C 3
;-
3 ,

A A i

I / \ :

U \

;

v "

?!

Fig. 3. Spectrum of inelastically scattered electrons from a styrofoam target (C,HJ. The solid

line is a visual tit to the data. Seen are the carbon elastic peak, the proton peak, the 15.1 MeV excited

level in carbon and the giant resonance.

I.SHO'-

1.4-

GIANT RESONANCE

’> 3-*-

2 0.6 h

0.4*-

0 .2

1

-

0 . f
ot-f- _t-L_

I

NUCLEAR CXCITAT10M ESC4CY M«vl

r i*. * The giant resonance in C'* obtained from rig. alter subtraction 01 the estimated radial jp. :ai

T *tci I

Suimnarv o( rvpcrtmenm j nil tneoreucuJ inelastic electron scattering cross sections at MO

vf iO"!

Densitv Thiclines*

I
vi't

\
T

. Jrr .
r

icngtnsi

C.H, 0.0.'

3

• Stvruioaml

Slock ot 170
0 013 cm
foils

Cos

measured calculated matimui

0 0103 3.8 -0.8 16.7 ?.6

0.UI6 4 23 113

0016 0WI
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Ref
- Y. S.Kim, F.F.Liu, F . J . Loe f fler, T.R. Palfrey, Jr.

Phys.Rev. 129. 13^2 ( 1963 )

El-em. Sym.

c

Kef. No.
*~

63Kil

12

Method

335 MeV Synch- scintillation counter telescope
B<r

Reaction E or iE dE J
« Notes

(y.p) ymax

335

a

h

Data corrected for: nuclear

absorption, y attenuation, multiple

scattering in target, multiple

scattering in counter, pion

contamination.

Photoproton cross section found

proportional to NZ/A (NZ probability

of having np pair) over angular

and energy region examined.

(z=3,i+,5 ,6)

Differential cross section data

given.

Tp = proton energy (Fig.l)

.0 2 : -0 60 90 9°; Leo)

Fig. 5. Differential cross sections for photonroton
production from carbon.
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Rer
- F . H. Lewis, Jr

. ,
J. D.Walecka, J.Goldemberg, W.C. Barber

Phys. Rev. Letters LO, 4-93 (l9°3)

Elem. Sym»

Ret. Mo.

63Lel

12

Method

6OMeV linac - coincidence counter telescope

Reaction E or AE
S
a dE J Notes

(e,e') E. = 55m

scatt

0 - 60

15-1

(18)

(23)

Form factor versus q (momentum

transfer) for giant dipole resonance

is plotted. Fig. 1 is from

erratum, Phys . Rev. Letter s 11, 106

(1963).

• NUCLEAR excitation energy - MEV

25 20 13 0 5

: l.ECTROMAGNETIC STRUCTURE OF THE
IANT DIPOLE RESONANCE. F. H. Lewis.

lr. I. D. Walecka. J. Goldembers, and

a C. Qaroer ;Phys. Rev. Letters HD. 493

l»o3);.

-Ve found a slient numerical mistake m cur

. -iicuiaticns. The correct numerical results

are as indicated in Fi£. I (revised). All of

Our statements and arguments. given in me
.per are correct.

3 - 4
1

1 1

! 2 f-

SANT
PESON.NCE

V* *

ELASTIC PEAK

*» a^ Nr
i t !_

*20 23 30 33 *0 43 30 33 60
SCATTERED ELECTRON ENCRGT - MEV

FIG. 2. Spectrum of 55-MeV electrons scattered at

130° by C 12
;
the radiation tail was not unfolded in this

curve.

iO *0 50 50

aCMeN r jM -aafcSFEP

r IG. 1 (revise*!;. Form factors .5 ; (or me giant

mole resonance in u'
:

.
The casneu curve is

.i-cusseu in reference «. 'Ae have uso indicated

the value cor resounding to tne Thomas- Iteicne-

rvunn .jrt rale

“O pm N BS-41

8
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Re t- N.W.Reay, N.M.Hintz, L.L.Lee, Jr.

Nuclear Phys. 44, 338>(l9o3)

c.lem. Sym.

c 1?

Method

26 MeV Linac - Nal(Tl)
Ref. No.

63Rel BG

Reaction E or AE
S
adE J* Notes

B
U

(p,7)C
12

(prO

v15 '25

0. c^±0. lc)
4-0

(p,'Y
1

) 0.71 ±0.24

Using re

obtained

Using data from this and other

experiments - if angular distributini

of Gove (Nuclear Phys. 26, 480 (1961

used ground state integrated sum

reduced to 0.50*0.12 MeV-mb while

excited state sum essentially is

unchanged.

ciprocity relationship, including spin statistical weight factors, the following is

c
12

(y,p 0
)b

ID.

3
U

(p,Y0
)C

c
12

(y,pq
)b

12

11

72±17 MeV-mb

13* 3

,12

,12

in ground state

=y=34.4±0 0.078±0.01

4.1 ± 1

£v cc**cu*«0 ;XC*ir:s

C in first excited state

(J77 not determined in this experimen;

Isotropy in cross section assumed

above. Correction for anisotropy

would give 55*13 for ground state

transition.

using reciprocity.

!Sl

j

231

:0 2S 12 12

-K: / \ GOVC. _I

-

-'Si

;

= \.
- N-

- N
:Z -EE 9 - y

\

1
i

! 5 75 7 ^ 75
“

IT

cf'-ir 'ihget :ent»c h «»vi - «

r-.g. 4. Esciution function for the reaction B ll
'p. yiO :

. The solid curve indicates tr.e
-

the dashed curve i no tea tea the transitions, the thin target no. I is indicated t*y tne :

is indicated by X. and the thin target no. 1 is indicated by

>::ona.

.A80»*rt9» S»C»'S ——

F u. : Nummur> >i data :‘jr 'he 'wu-tion 9 • ^

"OflM NBS-418
t B- t 3

1

USCOMM-OC Ta33fl*P«3

u.s. department of commerce
NATIONAL 9UREAU OF 3T ANQARQS

PHOTONUCLEAR DATA SHEET 1 30



H. Schmid, W. Schoiz
Z. Physik 175, 430 (1963)

METHOD
Li^(p>Y) source; photon scattering; Nal

C

REF. NO.

L2 o

63 Sc 3 NVE

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 15 D 15, 18 NAI-D DST

(15-1) (14.7, 17.6;

G-WDTH

Ta-belle. Parameter des 15,1 MeV P ; i .V

Autor

l

^ 3 3 10 11

22.2 29.7 29— 2.2 — 1,1

CfT < 1 0,62
- 0.10

r 79 64,5 60— 16 - 10.4 - s
/!? 54.5 59.2 "o,

;

54 — s

r.*-*

mCa

'
r<

II

VII

m 9.7

3.2

— 7.i — 6

6.5

40
0

— 0

A 21,6 2.1 - I5
1 ’

- 3.0

— 1 1,2 — 3,2

J (75 dE 1.90 2.33 2,20 „ . — 0.4
I

— 0,27 = 0,19 n 0,3! = 0,50
2.0

1

-0,3

iveaus von C lz

Vorliegende
Messung

2S.9

-i: 3.3 bam
> 0,53

< 1,20

: 10.3 eV
ao.2

eV

eV

.

eV

1.S2
- 0,12 MeV

a) tbemommen von 9
.

I3t QCr VOnU
= ernessene mtegnerte Absorrticr.squcr-icnnitt. Zum \ ergleich multiphziere man mit r?T.

.

G ' L- K.E.PixtSY and R.B. Segel: Proc. Roy. Soc. (LondonA 239 . 275 (1961).
10 Bussiere 32 Xercy, A.: Ann. phvs. 6, 1379 (1961).u Barber, W.C., F. 2ert:;old, G. Fa:c:cs and F. 2 . Gudsex: ?-.vs Rev

120 , 20S 1 (i960). _
'
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- The anguiar distributions lor the oroion energy bins a-* and 12-13 MeV Vertical flap
represent counting statistics and horizontal ilaes anguiar resolution. The curses arc the ieast--uuafcs

tits 01 eq. 1 1 1.

fcc!

5.G-

Ftg. J. The angular distriouuons tor the proton energy bins 16-17 and 20-2! MeV. The curves are

the least-squares tits of eq. ( 1 ).

- T 1

;t ;

;-
T

i

-J-U
9 !0 12 id- j*f T* zo 22
PHOTON ENCKQY 1

( MfiV

)

400r

HQ or

COUNTS
j

3 0 Oh

i

+

u

M

F'S- - The b'a ratio as a function of proton
-•nersy. The crosses are from Vanhuysc and

Barbers results.

I l.
S 3 1C ^2 !« !s

3
»»otcn energy iu*7)

1 Fig- 6. The energy spectrum at
number of counts are normalized
tic cm- target thickness and to the ion _

monitor response.

:
. The
M I

5

hamper

I l V J. Vanhuvse and \V. C. Barber, Nuclear Physics 26 ! i 9 6 1 ) 133

C.-effictenM . t 'eaM-squares nt of ;•

Enercv o.n

( MeV i

Fie. a. The coefficients from the least-squares rittine of eq. 1 1 i plotted as a function of proton energy.

The flap represent me standard errors oi the coefficients. The curves were drawn oy eve to illustrate

me trend of :ne coefficients.
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R. G. Allas, S. S. Hanna, Luise Meyer- Schutzmeister and R. E. Segel
Nucl. Phys. jjS, 122-144 ( 1964)

[Page 1 of 2]
12

METHOD

B^(p,y )C
L2

Van de Graaff

REF. NO.

64 A1 2 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECT 0 R
ANGLE

type range TYPE RANGE

P,G ABX 19-29 D 4- 14 NAI-D DST

J.Z 5

3"( 0. ralC
1*

30* YIELD

I

0

I

c

I

0

3
3* 50* 120* :30* 0* 60* l20* IQCT

Fig. !0. A sampling oi angular distributions of y0 and of yx . Angular oistributions were actually

taken about every 50 keV.
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R. G. ALlas, S. S. Hanna, Luise Meyer- Schutzmeister and R. E. SegeL

Nucl. Phys. _£3, 122-144 (1964.)

SLEM. SYM.

12

METHOD

3^(p,YQ
)C^ Van de Graaff [Page 2 of 2]

REF. NO.

64 A1 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

-Q5f-

0.51- a
2 -1

1

O-S

’ i
#

-0.5— ^*4

-1.01-
”•

1

-1.5!—
1

1

1

0.5- a.

. .
-1

i

-A. » 1

-,vcj

-0.51—
*’

-l

-1.0.

—

as
r

1

-0.5; -
1

0 0

^
&c ao ion

Ep(MeV)
I2j0 140

Fig. 11 . The coefficients a, obtained by expand-
ing the angular distributions of-/, into a series of
Legendre polynomials W{6) = .4,(1 — Zna P
(cos 6)). The finite solid angle subtended by 'the

detector attenuates a, by about 3

Fig. 13. Total cross section lor the B“(p. >'oiC
; reaction as a function of energy. The data for

/
1 MeV ; £, MeV, as well as the absolute scale, are from ref. ::

).

i.R.G. Allas, S.S. Hanna and R.E. Segal, to be published.
U.S. DEPARTMENT OF COMMERCE

NATIONAL 9UREAUOF STANDARDS
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R.G. ALlas, S.S. Hanna, L. Meyer- Schutzmeister . R.£.

P.P. Singh, and Z. Vager

Phys. Rev. Letters JJ, 62S (1964)

METHOO
AL (p,rQ

):
.28

tandem

Segel,

L2

64 AL 3 JOC

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G N0X 2C - 30 D 4-14 NAI-D DST

Table I. Summary of experimental results on the (p, 7 ) giant resonance (references 9-11). The angular dis-

tributions that are quoted generally characterize the data to within 15 ib throughout the giant-resonance region.

Nucleus

Type of

observation

Energy interval

and range Result

C 12 90* yield curve 50-keV steps

4. 0-14 MeV
Broad (T~ 1 MeV) overlapping

levels; no correlation

between y0
and yt

.

Angular 50-keV steps W(e)
V|)

= 1 + 0. ISPj-O. 5P2

distribution2 4. 0-14 MeV W(,u)y^l*0.15P l

Ne» 90* yield curve 30-keV steps

4.3-9. 1 MeV
Broad (T ;= 400 keV) levels

usually well isolated, y5

and y, well correlated.

.Angular 100-keV steps SV(0)
Yo = 1 + O.O5P 1

-O.7P2

distribution 4.0-10. 5 MeV ^(9) y =1 + 0. 05P l
*O. ZP2

Si2
* 90* yield curve •15-keV steps

4.0-12.5 MeV
Narrow (T ~ 50 keV)

Ericson fluctuations,

superimposed on inter-

mediate structure; no

correlation between y0

and yt
.

Angular 15-keV steps W<e)
y|)

=l+0.07i>i

distribution

4.0-

4.32 MeV

6.0-

6.62 MeV

8.0-

8.54 MeV
10.0-10.28 MeV
11.54-11.58 MeV

t^(y)
Yi = 1 + 0 . LP^—0 . 45^2—0 . 1

^The coefficients of P, are average values. They actually increase by about 0.03/MeV over the giant resonance.
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REF. EL EM. 3YM. A

F.R. Allum, T.W. Quirk, and B.M.
Nucl. Phys. 52 , 545 (1964)

METHOD

Spicer
12

REF. NO.

64 A1 5 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN N$X THR-34 G 34 THR-I 6- DST

Table 1

Summary of present experimental data at 34 MeV bremsstrahlung

Element _ —
a*

a
l

4Be 0.43 ±0.02 0.05 ±0.0!

0.61 ±0.04 o.o9±oo:
ijAI 0.39±0.03 0.05 ±0 01

»Ti 0.34±0.02 0 .06i0 .0 l

,4Cr 34 MeV 0.33 ±0.02 0.02 f-OO!

22 MeV 0.1 3 ±0.07 -0.02i0.0i
»Cu 0.36±0.02 o.ioio.o;
wSn 0.38±0.02 0.11 iO.OI

uBa 0.39±0.03 0. 1 1 ±0.02
?»Ta Before installation of iron shielding 0.26 ±0.04 0 . 1 3 ± 0.0 :

After installation of iron shielding 0.27 ±0.02 0.12-0.01

«Pb target diameter 3.r> cm 0.39±0.03 0 . i5±o.o:

target diameter 1 .5 cm 0.40±0.03 0.!9xO.O:

jjBi 0.42±0.03 0 . i7±o.o:

>'
</,-i-a| cos 9+ a, cos* Q

FORM NBS-418
(R EV. 7-1 4-441
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U. Amaldi, Jr., G. Campos Venuxi, G. Cortellessa, C. Fronterotta,

A. ReaLe, P. SaLvadori, P. Hillman

Phys. Rev. Letters 13 . 341 (1964)

-L£M. 5 V M . A

12

METHOO

Synchrotron

REF. NO.

64 Am 1 JOC

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/P RLX THR - 150 D 550 MAG-D 51

FIG. 2. Electron-proton coincidence counting rate

per 10 11 equivalent quanta at S50 MeV as a function of

the incident energy. The dashed lines indicate the

contributions of the various shells and the background
as explained in the text.

pcrm N8S-418
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-M. $ fM.

W. Bertozzi, P. Demos, F. Hanser, S. Kowalski, C.

W. Turchinetz, R. Fullwood and J. Russell
Proc. Paris Conf. 1026 (1964)

METHOD

Polarization Data

Sargent,

12

REF. NO.

64 Be 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G,N NOX thr-32 C 32 SCI-D DST

?
n
= - .05±.05, a very small number. Neutron at 90° and 45°.

form N8S-418
<R EV. 7-1 4-641
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J. L. Black, G. A. Jones and P. B. Treacv
Nucl. Phys. 54 , 689-693 (1964)

c.Lw.M. SYM. 4

L2

METHOD

Be
9
(He

3
,y)C

12
REF, NO.

64 Bl l JOC

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLEENERGY TYPE RANGE TYPE RANGE

HE3.G ABX 28 D 2-5 NAI-D 90

(1.5-4. 5)

Ch«no«t
H« Energy (MW)

Fig. 2(a). Sp«ctrum of high-energy y rays resulting from bombardment of Be* with a He* beam of
energy 4 MeV. A plastic anticoincidence shield was employed to reduce cosmic ray background.

y rays to the ground state and first excited state of C” can be cieariy distinguished. The 17.6 MeV line

is also shown, and is seen to be at least an order of magnitude more intense than the full-energy

y ray to the C1 * ground state.

Fig. 2(b). Excitation function at 90° for the y rays to the ground state and first-excited state of C”.
The ordinate represents the cross section measured in fib. assuming an isotropic anguiar distribution.

The He* energy is the laboratory bombarding energy.

rorm NBS-418
in ev. t.i A. a+>
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EL EM. SYM.

P. Brix, H. G. Clerc, R. Engfer, G. Fricke, F. Gudden, H. Liesem
and E. Spamer
Proc. Paris Conf. 372 (1964)

12

REF. NO.

64 Br 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPC 0-20 D 54 SCI- D 141

FORM NBS-418
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K.W. Chen. J.R. Dunning, Jr., J.R.

and R. Wilson
Phys. Rev. JJ£, 4B B1030 (1964)

METHOD

Rees, W. Shlaer, J.K. Walker
cLEM. SYM.

12

REF. NO.

64 Ch 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.P ABX D 4 GE.V MAG-D 110-450 DST

Table I. Cross sections for production of protons by electrons.

Electron
target

Energy
angle

(deg)

4 BeV
proton energy

(MeV)
(T-r/dOdE

10-» cmVsr MeV

H 59.8 374 3.8*

Li, 59.8 448 0.082
Li. 59.8 368 0.175
Li, 59.8 332 0.280
C 59.8 374 0.425
A1 59.8 374 1.19

H 63.1 291 7.5*

Li, 63.1 355 0.146
Li. 63.1 319 0.204
Li, 63.1 290 0.315
C 63.1 291 1.01

A1 63.1 291 2.42

H 67.1 208 16*
Li, 67.1 226 0.6
Li, 67.1 206 0.92
C 67.1 209 2237
A1 67.1 209 6.4

H 72.1 124 46*
Li. 72.1 166 1.20
Li. 72.1 144 1.55
Li. 72.1 124 2.46
Li, 72.1 119 2.30
Li, 72.1 109 2.90
C 72.1 123 6.6
AI 72.1 124 16.9
Ca 72.1 124 42_3

H 44.8 29

1

2.9*

Li* 44.8 337 0.16
Li* 44.8 293 0.29
C 44.8 291 0.76
A1 44.8 291 1.53

H 52.3 208 8.5*
Li* 52.3 200 0.91
C 52.3 208 2.13
A1 52.3 208 4.95

H 61.1 124 25*

C 61.1 145 5.95
c 61.1 124 5.75
c 61.1 115 6.43
Ai 61.1 145 10.7

Ai 61.1 124 16.0

• d*/siQ in mb/ir; uuide a 5.5% momentum interval.

Fig. 4. Cross section, divided by A

,

as a function of A
,
ior produc-

ing protons of 124 MeV from 4-BcV electrons at * 2.* .
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H. L. Crannell,
Phys. Rev. 136 .

METHOD

T.A. Griffy
BL580-S4 (1964) C

REF. NO.

Linac 64 Cr 1

12

NVE

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 4 - 10 D 250 MAG-D DST

New method of obtaining widths. WIDTHS

Table I. C 1 ' cross sections for elastic and inelastic scattering of electrons.

E»

McV) e

Elastic scattering

(in 10"!l cm'/sr)
Errors

da/dSl Area Total

4.43-MeV level

(in l(ri 11cmJ/sr)

Errors

daidV. Area Total

7.66-MeV level

(in 10“" cmVsr)
Errors

da/dSl Area Total

9.64-MeV level

(in 10"n cm’/sr)

Errors

dir/dn Area Total

187 84.0 3.76 0.0s 0.12 1.S6 0.03 0.06 2.96 0.15 0.17 5.83 0.58 0.61

91.8 1.17 0.02 0.04 1.08 0.02 0.04 1.71 0.08 0.10 3.94 0.39 0.41

>'0 40.0 417. 5. 13. 26.6 1.0 1.2 63.1 3.9 4.3 59.3 7.4 1 .6

45.0 167. 2. 5. 16.4 0.4 0.7 42.2 1.7 2.1 47.4 2.8 3.1

50.0 66.8 0.6 2.1 11.0 0.2 0.4 2S.2 0.9 1.2 37.0 1.1 1.6

55.0 27.0 0.3 0.9 7.01 0.14 0.25 15.3 0.8 0.9 26.2 0.9 1.2

66.0 10.3 0.1 0.3 4.79 0.07 0.16 8.08 0.40 0.47 15.2 0.5 0.7

65.0 4.04 0.05 0.13 3.26 0.05 0.11 4.65 0.23 0.27 11.0 0.4 0.5

70.0 1.44 0.02 0.05 1.94 0.02 0.06 2.12 0.05 0.08 8.24 0.12 0.27

75.0 0.420 0.008 0.016 1.28 0.01 0.04 1.30 0.04 0.06 5.57 0.08 0.18

so.o 0.124 0.003 0.005 0.702 0.006 0.022 0.574 0.021 0.027 3.80 0.04 0.12

85.0 0.0314 0.0010 0.0014 0.451 0.004 0.014 0.311 0.010 0.013 2.56 0.02 0.08

90.0 0.0057 0.0003 0.0003 0.242 0.002 0.007 0.095 0.005 0.006 1.46 0.01 0.05

300 49.2 17.4 0.1 0.5 7.69 0.09 0 25 10.8 2.1 2.2 32.9 6.1 6.2

54.8 4.30 0.04 0.14 4.12 0.05 0.13 4.90 0.49 0.51 19.5 2.0 2.0

Table II. Measured transition widths for excited states in C 11
.

Level energy
in MeV X Ax r in eV

4.43 2 1.638±0.066 (U.2±1.2)X10-»
7.66 0 0.936e=0.048 (6.5i0.7)X10-*

9.64 3 1.014^:0.054 (3.6±OA)X\Cr<
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J. Go Lderaberg
,

W. C. Barber
Phvs. Rev. _L34, B963-71 (1964) 12

METHOD

Linac
REF. NO.

64 Go 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE range

E , E/ ABX 10-32 D 40- -0 MAG-D DST

• 2 '5.1 fASV Ml

- 54 MeV FMF

Cross section for ir.e:as;;c scattering from carbon
derived from the spectrum shown in rig. 2.

13C

Fig. 12. Square of the form factor for the lowest 1“ state in C' ;

piotted as a function of the momentum transfer. The two curves
are from the shell-model calculation for two different assumptions
about the two-particle interaction. The triangles are from the
Stanford ISO’ scattering experiments. The circles are from the
Darmstadt 152° scatterine experiments. The solid circles are for
the single peak at 19.5 MeV whereas the open circles include the
broad 18-MeV peak as well. The square is derived by detaiieu
balancing from Bn (b,y'j experiments which inaicate a 1“ level
a: 17.2 MeV.

Fig. 11. The square ot the form factor for the main part of the
C' : giant resonance plotted as a function of momentum transfer.
The experimental point at 23 MeV is from work with photons.
The other three experimental points are from ISO

5
electron

scattering experiments. The curves are calculated on the basis of
different theories as explained in the text.

:o F. H Lewis, Jr. (private communication).

Table II. Cross sections for excitation of the 1S.1- and 19.5-.MeV states observed in the Darmstadt carbon scattering experiments.

(MeV) deg
(da/dV.) X 10“

(19.5-MeV state)

<dahid) X 10“

(18.1-MeV state)

(da/d£.) X 10“

(Both states)

Ul-I 'Tr(q)' :0+Vi

(19.5-MeV state oniyj

,(i-'

(Both states)

56 152 1.3 5=0.13 1.05= 3J
ai 2.35=o :° 1 0.00055=0.00005 0.00091.., m..--^ 00030

50 ; >2 0.88=0.18 1.0=0.2 !.9=0.3 0.000265:0.00005 0.00057 ==0.00001)

40 152 0.55=0.3 0.3=0.4 1.15=0.3 0.000125=0.00007 0.00023=0 Wl 1

40 128 1.4 =0.3 0.55:0.4 1.9=0.5 0.00034= 0.00007 0.000465=0.00012

14 F. Gudden, G. Fricke, H. G. Clerc, and P. Brix (unpublished).

-
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J. Go Ldemberg, W.C. Barber, F.H. Lewis, Jr.
,
J.W. Walecka

Phys. Rev. B1022 ( L964)

ELc.M. SYM. A

L2

METHOD

Linac

REF. NO.

64 Go 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 15 D 40-70 MAG-D 180

Table I. Data on .1/1 transitions.

FMF

McV/e Cross section*
l(//iir,“«(7)ii/.->i

i

Reference (10**)
(i/V)!<J7

1
|7\™*(7)i

[10-‘(McV/c)-9]

15.1-McV level in C”
Photons 15.1 (2.05=0.27) 8 0.044 (0.19 ±0.025)
Electrons 63 (2.0 ±0.3) this work 0.55 (0.12 -0.015)
Electrons (160®) 63 (2.6 =„V “) 5 0.69 (0.15
Electrons 93 (2.0 =0.3) this work 0.S7 (0.10 =0.015)
Electrons 125 (1.5 =0.25) this work 1.10 (0.07 ±0.012)

3.56-MeV level in Li*

? ons 3.56 (0.92±„V») b 0.014 (1.10 -*-<,.,»»•=*)

rons« 76 (3.0 =0.45) this work 2.0 (0.38 ±0.057)
Electrons 106 (l.S5±0.23) this work 2.1 (0.19 ±0.02S)
Electrons 136 (0.90±0.14) this work 2.0 (0.11 =0.017)

11.6-MeV level in Si5*

Photons 11.6 (9.8 =2.6) c 0.016 (1.2 ±0.32)
Electrons 71.5 (3.5 =1.4) d 0.92 (0.18 ±0.07)
Electrons 33.4 (3.0 =0.75) this work 1.2 (0.15 ±0.038)
Electrons 129.4 (1.8 =0.45) tlis work 1.5 (6.09 =0.022)

11-MeV level In MgM
Photons 11 (13.1 ±3.8) c 0.02 6•OO•II

Electrons 83 (4.4 ±0.38) 6 1.5 (0.22 =0.044)
Electrons 97 (3.5 ±0.70) this work 1.6 (0.1 ±0.034)
Electrons 129 (1.8 ±0.36) this work 1.3 (0.0S1±0.016)

* [n uniu of 10*” MeV-cm1 for photon* and I0*» cm'/ir for electron*. • A. a. de N'ercy. Ann. Phyi. (Pans) 6, 1379 (mi).
• L. Cohen and R. A. ToOin. Kucl. Phys. 14. 243 (1960). * R. D. Edge and G. A. Peterson. Phys. Rev. 128. 2750 (1962).

4- MOMENTUM TRANSFER M*V/C

Fig. 2. The experimental values of the quantity (l/?1)XG*!
[
T

|

;0-)» as a function of the momentum transfer.
The theoretical curve was normalized as explained in the text.

Fig. 1. Results ob-

tained for the excitation

of the C” 15.1-MeV
level in inelastic electron

scattering at ISO® for

different incident elec-

tron energies.
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L.H. Greenberg, J.P. Roalsvig, R.N. H.

Can. J. Phys. 42, 731-61 (1964)

METHOD

Has lam

12

REF. NO.

3etatron; r- chamber 64 Gr 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.3A ABY 7-24 C 17-24 EMU-

1

. 4P1

Yield = 5315 ± 30
events
mo 1 e -

r

at 24 MeV.

Yield = 77:
events .. ..± o7 ; at 17 MeV.
mo le-

r

Results o; ‘.oaai. of each piSate

Plate No.: 1 3 4 5 6 7

Moics of 0“ per cm 4 of emul-
sion \drv) 0 . 0 I 67 0.0355 0.0577 0. 0105 0.023S 0.03S5 0 . UnS3

Moics of C l: per cm 1 of emul-
sion fdrv) 0.0223 0.0373 0.0551 0.023 0. 0237 0.0393 0 . 0406

Number of la events per — — — 34.3 43.7 70.3 79.3
cm* .dry) per r

Number of iia events per 17.7 2G.0 42.1
= 7.0
195

= 7.0
204

= 7.0
205

= 3.0
313

cm 1 ^drv) per r = 1.3 = 2.3 =3.0 = 15 = 15 = 14 = 10

Number of alpha tracks per 124 105 270 0-)0 610 721 S3S

cm4 'dry; per r =4 = 1 =9 =25 =26 = 25 =25

Fig. G. The variation of the number ui throe-pronged stars with carbon content :cr

and 17-Mev bremsstranlung.
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1

4SC3MM.OC 26010-P64 PHOTONUCLEAR DATA SHEET 146

J.3. CEPARTMENTCF COMMERCE
NATIONAL 3USEAUOF STANDARDS



F. Gudden
Phys. Letters _L0

, 313 (1964)

EL EM. 5YM.

12

METHOD

Linac

REF. NO.

64 Gu 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 15 D MAG-D DST

(15.0

To = 34.4 eV (±1056)

0 0.2-0. 5. WIDTH

Fig. 1. Reduced transition probability versus momen-
tum transfer squared. The solid curve has the param-
eters 5) B T(ql = 0) = 0.375 and b = 1.9 fm, the dashed
curve has 3r (<7j

= 0) = 0.79 and b =» 1.64 fm. GolB 64:
ref. 4,DudTSl: ref. 3. SchS 63: ref. 6.
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s. s

Proc

methoo

. Hanna, R. E. Segel and R. G.

. Paris Conference 1022 (1964)

EL EM. SVM.

A1 las

C

REF. NO.

64 Ha 3 JDM

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 17- 20 D 1-4 NAI-I DST

4
W(0) = A r

l + r a P (cos0)jx ' o- , n n ' ' J

Pio. 1. — ToUl yield and coefficients in the expansion

1 + Z a. P. (0) for the reaction Bu (p, y) C“, 1 Mer < E, < 4 MeV.

FORM N8S-418
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REF. EL EM. SYM. A

M. Kihara, K. Baba, K. Miyake, T. Nakamura, T

and Y. Yoshimura
J. Phys. Soc. Japan _L9

,
2236 (1964)

______ —— — “

Yamaki
,

S. Yasumi

12

REF. NO.

Time-of-f light plus magnetic analysis 64 Ki 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D ABY 80-800 C 400-300 TOF-D 45-70 57

Maji.Tium ir*rgy of Sremsstrctilung (Me7)

rig. 1. Yield curve of deuterons of the energy of

45MeV. 9ub=57°. The errors are due to the
statistical ones.

Fig. 2. Energy spectrum of deuterons produced
by 720 MeV bremsstrahlung. The errors are

the same as above.
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"< c. F.

R. Kosiek, K. Schlupmann, H.W. Sieber:

Z. Phyaik JJ2, 9-15 (1964)
T2

METHOD

Betatron; ion chamber

REF. NO.

64 Ko 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.XP SPC 20-32 C 32 SCI-D 90

Target enriched to 55*2? C ABX

Dai Hulogramm mill dia au< Eai/gicwluii korrificncn Mcil«rcna Oat

too (-

d0\-

fOOKtJ l

A

JO\r

1A

& S

Prvfonensneryte

‘''l

i2 &{rw
j

Fi».3. Encrgiaveneilung dcr Phoioorotonen aua C'J. Dai Hliiogramm wurdc am dcm dar ri-wonara, rndcm dir Anted dar Protonenenuuion aua C>J abgezagen wurde. Nthere Ertamerunien Zn

iS -

31.5

o(C
l3

)dEY!

3 1.5

i o(C
l2

)dEy

- 0.55 ± 25!o, assuming isotropic
angular distribution.

Fig. 5. Differentieller WirKungsquerschnut fUr Photoorotonenemission aus Cn . ai Unter 90° zum
;--5iranl anter der Annanme. dati nur Grundzusundsubergange vorliegen. diese Arbeit (Htsto

gramm ). b) Ergebntsse von Cook 4 (Kurve).

Differentieller Wirkungsquerschmtt fur Photoprotonenemission aus C !: nach(I) (Histogramm )

po»m NBS-418
. R 6 V. 7-1

UiCOMMaOC 20010-P«4 PHOTONUCLEAR DATA SHEET 1 50
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REF.
Akira Masaike
J. Phys. Soc. Japan _12, 427 (1964)

ELEM. SYM.

12

METHOD REr. NO.

64 Ma 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XXX ABY 150-720 C 150-720 ACT-

I

4PI

Table I.

Al27 (r, ,t
+

) Mg47 Al27-*Na2 ‘ A127-*F 19 Cl2_C“

Integrated Cross Section 2.2x10-“ 5.2x10-“ 2.4 x 10 -2S 2.0x10-“
TOO MeV~400 MeV) cm*-MeV cm2 -MeV cm2 -MeV cm2 • MeV

XXX=C 11 FINAL

Fig. 7. The yield curve per equivalent quanta

for the reaction C 12-*C 11
.
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s.

J.

METHOD

Seki, M. Yamanouchi and M. Miwa

Phys. Soc. Japan _I9, L999 (1964) C 12 6

REF. NO.

64 Se 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,XP SPC THR - 24 c 24 EMU-D 2-3 DST

Target thickness 2.5 mg/ cm2 .

Proton Energy (MeV)

Fig. 3. Energy spectrum of photoprotons from

carbon.

roRM N8S-418
in ev. ?•!
'jlCOUM.DC 2S010-PS4 PHOTONUCLEAR DATA SHEET 152
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$YM. A

Y.M. Shin, W.E. Stephens
Phys. Rev. 136 . 660-63 (1964) C

METHOO
^

Tandem; T''(p,Y)He
4

*’ source;

and detector

REF. NO.

anthracene crystal served as both sample
64 Sh 4

12 6

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP£ RANGE TYPE RANGE

G.P ABX 20-23 D 20-23 SCI-D 4PI

WIDTHS

Table I.

(MeV)
fvdE

(MeV-mb)*
r,
(eV)

20.57 0.31 19

20.95 0.56 52

-

21.38 1.17

* The integrated cross section from 20.2 to 22.4 MeV is found to be;

<T\n% )JE »(16.2±2.S) MeV-mb.

161- ->
43 MV W*.

V

Fig. 5. Cross section of the C 11
(7,/>o/ reaction

as a function of photon energy.
J

200 20J 210 ITS 220 22S 210 23.5

PHOTON GNEflGY (M.v

I

Fig. 6. Comparison of the Cu (7 ,p») with the inverse

3 u
(A>7«) reaction.
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REr.
G.G. Taran, A.N. Gorbunov
Zhur. Eksp. i Teoret, Fiz. 46, 1492-94 (1964)
Soviet Phys. JETP 19, 1010 ( 1964)

EL EM. SYM. A

12

METHOD REF. NO.

64 Ta 3 NVB

REACTION RESULT excitation
ENERGY

SOURCE OETECTO R
ANGLE

TYPE RANGE TYPE RANGE

G.P SPC THR - 100 C 170 CCH-D 4PI

G.NP SPC THR - 100 C 170 CCH-D 4PI

d(y,p)6E = 122 ± 5 MeV-mb

.

d (y, p ) dE = 102 MeV-rab

d(y,P + T? n + T? n p)' dE 130 MeV-mb

Yield of various reactions on carbon

No. of
j

Yield
i

No. of Yield

Type of reaction
relative

Type of reiction
events relative

ob- to total ob- to total

1
served

|

yield, % ,

served yield, %

(T. P

)

2207 42 (7. 3a) 137 2.5

(T. «) 1541 31 (T. 2aa'rt)

(7. pn)

(7 ,a')(C>‘(7 .
He’lBe*]

408
33

3

1.5

[C«(T.nHc5)2He*]
including

42
301

0.8
5.5

(T. an) 92 1.8 4-prong stars

32 0.6including 542 10 (7. ipn)

3-prong stars (7. 2p2a) 99 1.8

(7. pa) 229 4.5 (7. -apt) 141 2.7

(7. part) 32 1 5-prong stars '23 0.5

(7. 2 p) 51 1 6-prong stars 5 0.1

(7. 2pn) 31 0.6

Total (y.p) cross section: 1) observed in

the present experiment; 2) differential (y.p)

cross section at an angle of 76° from the work

of Dodge and Barber! 5
], normalized to the max-

imum cross section obtained by Vanhuyse and

Barber]
4

]; 3) combined cross section for the

reactions (y.p) and (y.pn).

mb f

Assumed ground state transitions.
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qeF.

M. Elaine Toms
Nuc. Phys. JO, 561-34 (1964)

METHOD
Betatron

EL EM. 3YM.

c 12

Page 1 of 4

REF. NO.

64 To 1

JC-C

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G. 3

A

ABX 9-22 C 22 EMU-D DST

Fig. 3. The combined cross-section for the l *C(y, 3a) reaction as a function of 1JC excitationenergy.

SPECTRUM

Fig. 4. Measurements of the cross-section for the l»C(y, 3a) reaction as a function of 12C excitation

energy.
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EL EM. SYM.

12

METHOD REF. NO.

Page 2 of 4 64 To l JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

I

I

20t-
> I

2 I cl-

\ 01—
201—

LESS than 12 2 MeV
54 EVENTS

22-14 2 MeV
I 04 EVENTS

30 4 5 50 75 90 105
POSSIBLE 3ea EXCITATION (MeV)

120

Fig. 5. Distribution of weighted 'Be excitation energy £T vaJues in 0.3 MeV intervals of £* for *'C
excitation energy E'

y
regions; less than 12.2 MeV, 12.2-14.2 MeV and 14.3-16.3 MeV.

1

2°
j

—

It /
£
y

': 16.4 -|7 9 MeV
1 31 EVENTS

44 °!
—

<s>
J

= 20
h

> iOi—

W
0 -1 -

/I £y
'' 18.0-19.5 MeV

j

215 EVENTS
1

!

2 20
f“

lCr
1

£/ 19 5 - 21.8 MeV
!

’6 EVENTS
i

1

1

00 15 30 4 5 60 T5 90 1.05 ,2 0

POSSIBLE Be 3 EXCITATION (MeV)

Fig. 6. Distribution of weighted 'Be excitation energy £x values in 0.3 MeV intervals of £* for l5C ex-

citation energy £’
y
regions: 16.4-17.9 MeV, 18.0-19.5 MeV and 19.6-21.8 MeV.
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EL EM. SYM.

L2

METHOD REF. NO.

Page 3 of 4 64 To 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

0.05 r

0.05-

Fig. 7. Cross-sections for the IJC(y, 3a) reaction by mode of breakup: via *3e ground state (above),

not dearly via either 8Be ground state or first-excited state (middle) and via *Be first-excited state

(.below).

Fig. 8. Distribution oi /(St )
= *V(9,) cosec 4 by 18-degree intervals of for 77 ground-state events

from 1JC excitation energy less than 14.3 MeV. The solid curve is E2 interaction, and the broken curve
is El interaction.
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REF. ELEM. SYM. A

12

METHOO

Page 4 of 4

REF. NO.

64 To l JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

60 (

“ 1

Fig. 10. Distribution of alpha energies by 0.2 MeV intervals of alpha energy for first-excited-state

events in the C12 excitation energy £.' range 16.9-18.3 MeV. Thesolidcurve is the predicted distribution

for 0.4 E2 and 0.6 Ml interactions.

Fig. 11. Alpha-energy distributions by 0.2 MeV intervals

of alpha energy with distributions predicted

for photon interactionsTn ranges of C 1 * excitation

energy cj; 12.2- 14.2 McVjitted'by 0.25 M l and

0T3 El. 14.TTST3 MeV fiaed by 0~8 El and0.2 E2

and 16.4-17.9 MeVUtted by 0.4 E2 and 0.6 Ml.

i Fig. 12. Alpha-energy distributions by 0.2 MeV intervals of alpha energy with distributions predictc

[for photon interactions in ranges of C” excitation energy E‘y : 18.0-19.5 MeV fitted by 0.88 Ml ar

0.12 E2 and 19.6-21.8 MeV fitted by all El.

cokm NBS-418
(REV. 7.1 4.441
use OMM.OC 24010-P44 PHOTONUCLEAR DATA SHEET 158
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G. Walter and A. Coche
C.R. Acad. Sc. Paris 2$Q, 2817 ( 1964)

EL EM. SYM. A

12

METHOD

64 Wa 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.3A ABX 18 D 17 SCI-D 4PI

Based on Schuhl
o3

Cu(Y,n)o
3 = 2.06 ± 0.4 x 10“ cm2

18=17. c MEV

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANCAROS
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E. B. Bazhanov, A. P. Komar. A. V. Kulikov, and V. I. Ogurtzov
Phys. Letters _12j 239 (1965)

EL EM. SYM.

12

METHOD

Bremsstrahlung, Penfold-Leiss 'Page 1 of 2]

REF. NO.

65 Ba 1 EG I

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX THR-52 C IS- 52 I 3F3 1ST.

4)
jt2:r »rv

• >

o

Fig. 2. Photoneutron cross section on the nucleus *'“C . • and : data of two independent
series of measurements, a and b: mean cross section values, o: the integral cross section

o
'[o

,

(y.n) - Oiy.np) iffly.Sn)] d£ (the scale on the righp .

NB: In Fig. 1, dots = Ref. 1;

In Fig. 2, dashes = Ref. 2.
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METHOD

Bremsstrahlung, Penf o Id- Leiss [Page 2 of 2]

REF. NO.

65 Ba 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table 1

Our results Position of the peaks of

the (y, n) reaction, ac-
cording tu the data of

other investigators,

in MeV
£max i£max

,
E2
ad£

“

£
1

(MeV) (MeV) (MeV • mb) [1] [2] [3] [4]

20.9 0.5

2.2x 0.3

E
1
~ E2

20.4-21.4

(18.8)

(20.6) 20.62

20.90

21.08
21.22

21.58 21.6

22.0 1.0 8 .7 x 1.2

E
l
~E 2

21.4-22.9

22.2 22.2 22.02 22.0

22.88

23.5 0.8 10.9x 1.7

E
l
~E 2

22.9 -24 .4

23.5 23 .3 23 .3

25.0 0.7 5.8 ± 2.2

£
1
" e2

24.4-25.4

25.5 25.5

Note: The data in the table are compiled only for the

range of 18-26 MeV. Peaks shown in brackets
are determined with small accuracy.
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*ef. t. Deforest, Jr., J. D. Walecka, G. Vanpraet, w. C. Barber

Phys. Lett. 16 , 311 (1965)
ELEM. SYM.

12

METHOD

65 De 3 egf

REACTION HESUL T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 14- 25 D 65 MAG-D 180

C
12

65 M e

V

2
- 2.0 * 10

(S.l MtV Ml

transition

ft

‘ !iFU1 '

. ;* i
Ljff T
ti;

i V

** *r
< • -

r-r.

IS 20
EXCITATION encucy (m»vi

Fig. 1. Cross section for inelastic scattering of 63 M*‘«

electrons at 130° from carbon, plotted as a function >
tbe excitation energy.

q < M« V / c )

Fig. 2. f2~
;
r2

tAC
(m 0'r

) j

2
for the 20.76 MeV 2“,

r=l state in ‘-C. As discussed in tbe text, the theo-

retical curve has been reduced by a factor of 2. The
experimental poults are for the state observed at about

IS. 2 MeV. The circles are obtained from experiments
at Darmstadt [II] under the assumption that the single

peak observed at 19.46 MeV is caused by the 2“ state.

The triangles are previous Stanford results [111, ar.d

the square is from the present experiment.

11
J. Goldemberg and W.C. 3arber, Phys. Rev.

134, B963 (1964).
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EL EM. SVM.

12

METHOO REF. NO.

65 He 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N RLY THR-32 D ' 14-32 ACT-

1

4PI

E+,N RLY thr-32 D 14-32 ACT-

1

4BI

Ratio of positron to electron induced activity determined.

total energy !u«v)

• 1 The ratio »'/*> as 1 function of energy for a '*C target.

L
I

12

>i
•f

T

sc'

Eig. 4. The ratio <x~l<j+ as a function of atomic number at
iT-iMey (total) oombarding energy. The straight line is for
comparison purposes.

form NQS-418
<R EV. 7-1 A- 04)
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SE!r
' Motohiro Kihara

J. Phys. Soc. Japan 20, 1313 (I9c5.

ELEM. SYM.

12

METHOD REF. NO.

65 Ki 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVP£ RANGE TYPE RANGE

G.D ABY 70'- 720 D 400-720 MAG-D 40-70 57

G,P ABY S8 - 720 D 400.-720 MAG-D 70-100 57

Fig. 5. Yield curves of photo-deuterons and

protons from carbon. 8=57®. £,*=45 MeV and

Ep = 72 MeV. Errors are the statistical standard

deviations.

Fig. S. Energy distributions of deuterons and

protons from carbon exposed to <330 MeV
bremssrrahlung. d=57®. Errors are the statis-

tical standard deviations.

ENERGY CF FFiGTCN I MeV!

Fig. 7. Excitation function of photo-deuterons of

45 MeV from carbon. 9= 57®. Errors are the

statistical standard deviations. Solid curve

shows the theoretical results given in the text.

Fig. 3. Energy distribution of deuterons froca

carbon exposed to photons of 635335 MeV.
8=57®. Errors are the statistical standard

deviations. Solid curve shows the theorticai

results given in the text.

FORM NSS-418
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REF.

K. Min
Phys.

METHOD

,
W. D. Whitehead

Rev. JJ7, B301-304 ( 1965)

EL EM. SVM.

12

REF. NO.

6

Synchrotron; NBS chamber monitor 65 Mi 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN ABX THR-30 C THR-30 BF3-I API

Energy Mav

Fig. 1. Total photoneutron cross section of carbon unfolded in
1-MeV intervals.

Tabus I. Isotopic abundance in the samples and
threshold energies.

Isotope
Abundance

(%)
(y,n)

(MeV)
(y<pn)

(MeV)
(y,2n)

(MeV)

Cu 98.89 18.7 27.4 32.4
C“ 1.11 5.0 20.9 23.7
Mg* 78.60 16.6 24.1

Mg* 10.11 7.3 19.0 23.9

Mg« 11.29 1U 23.2 18.4

Fig. 2. Total photoneutron cross section of carbon unfolded in

0.5-MeV intervals.

Table II. Energy levels observed in carbon (MeV).

Present work

(y,»)

Other experiments

(v,»)* (y,fi)
b (absorption)*

16.5
18.8 17.6

19.5 19.1
22.2 22.2 22.5
23.5 23.4 23.5 23.0
25.5 25.6 25.6

./ Tt>.
2Vd£ = 39.2 MeV-mb

• Reference 9 .

6 Reference 21 .

• Reference 22.

-orm N3S-418
(R EV. 7.14.641
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Jan P. RoaLsvig
Can. J. phys. 43 . 330 (1965)

METHOD

ll EM. 3YM.

c

REF. NO.

12

Emulsions in beam 65 Ro 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, 3A ABX 12- 17 C 12- 17 EMU-D 4PI

t- (C. 1. i he yield in events per nv.ic ;:C per rnrnrcen per MeV interval for the reaction
1,Co' t 3a) as a function of max nnnn pliotmi eucri'y. Open circles, present results; closed
circle, from Greenberg et <il. (

l
‘

1

I lie soiitl • irve was used to calculate the cross section
in rig. 2.

2aof-

Fic. 2. Cross-section curve for the reaction i:C(y, 3a). ______
YMERCE

-
- NATIONAL SUStAU OF ST ANCASC5

I bo

o pm HBS-418
'« EV. 7-1
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R.E

.

Phys

method

Segel, S.S. Hanna, and
Rev. 132

,
3813 ( 1965)

R. G . Al las
EL EM. SYM. A

REF. NO.

12

i

L 1

(p,r)c
12

65 Se 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 16-20 D 0-4 NAI-D DST

n
°h

-OJh-

Ll
ZjO 2J
e f(y«v)

Fio. 3. Coefficients obtained in fitting series of Legendre poly-

nomials to the angular distributions for Bu (£,7§)C
l*.

"OSM NBS-418
<R EV . 7-14.44)
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V. V. Verbinski and J. C. Courtney

Nuclear Phys. 73 . 393 (1965) 12

METHOD

[Page 1 of 2]

REF. NO.

65 Ve 1 EGF

REACTION RESULT excitation
ENERGY

SOURCE DETECT 0 R

ANGLE
TYPE RANGE TYPE RANGE

G.N SPC thr-33 c 34 TGF-D 1-14 DST

20 22 24 26 28 30

1

;

\ i- . - ... •

!

0
0 2 4 6 9 <0 <2 <4

NEUTRON ENERGY (MfV)

Fig. 2. Photoneutron spectra from carbon at 55° and 93° to a bremsstrahlung beam produced by
34 MeV electrons penetrating a 0.15 cm thick bismuth disk.

form NBS-418
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V. V. Verbinski and J. C. Courtney
NucLear Phys. 7

_2 , 398 (1965) 12

Page 2 of 2]

REF. NO.

65 Ve 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYPE RANGE

Table 1

Angular distributions for (-/, p) and (/, n) reactions on UC and lsO

Mode of

excitation

Excited state

spin and
parity

/

Relative intensity

El

El

E2,(E1) *)

E2

1-

1-

:+ . (i-) *)

distribution 55° 93
= 141°

0 isotropic 1.00 1.00 1.00
2 1 t§ sin 20 0.81 1.00 0.64
i 1 —4 sm J9 1.32 1.00 1.63
3 1 — 2sini9 — lsin'0 2.42 1.00 1.40

Target Excitation Emitted
nucleus energy particle

(MeV)

Ref. Relative intensity

55° 93° 141°

lsC
>=c
llC
1*0

1«0

HQ
1*0

1*0

1*0

1*0

22.35

>22
25.4

22.3

22.1

24.2

24

23

20.8

18-20

P Dodge and Barber 20
) 0.31 1.00 0.45

n Allum et at. **) 0.35 1.00 0.60
a this paper 0.80 1.00

p Dodge and Barber *•) 0.86 1.00 0.46
n this paper 0.S1 1.00 0.64
p Dodge and Barber 2‘) 0.97 1.00 0.45
n this paper 0.89 1.00 0.68
n this paper 0.31 1.00 0.64
n this paper 0.73 1.00 0.63
n this paper 0.77 1.00 0.73

:’
ThlS *rar distnbution is also possible for / = 2 neutrons or protons from “C (1- states) to“C or “B (J- ground state).

• 5s * <r,
l'. e

0
) FROM cr jj' 3 ( „ , /g ;

C
]

OF ALLAS er at

/’
3 )"c1 . PRESENT work

111

r-'”' r*
“c

“Bfp, v0 ; cross section of Allas »>»/ 11 n ,

'?' ® cr°ss section as calculated irom the

pc rm HBS-418
(R EV. 7-1 *-04)
USCOMM-OC 28010-P64 PHOTONUCLEAR DATA SHEET 169
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J.M. Wyckoff, B. Ziegler, H. W. Koch, and R. Uhlig

Ehys. Rev. 137, B576-94 (1965)

— L £M. 5YM. A

12

METHOO

Synchrotron; ion chamber monitor

REF. NO.

65 Wy 1 NVB

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G.MU-T ABX t—0 1 OJ C 3Q SCI- D API

Sn-

(Jln/'rS
h a ‘ ?hotonuc!ear cr°ss section. Points on plotsnd (b) rep.esent tne cau oi tins experiment. The solid linoraw-n in (a; is the total pnotonudear cross section obtained b-.c Leoeoev 5toup using the right-hand ordinate. For ease i

;

2i0^v
n
T^

e SnaneS tne'7dat
,

a has beer> tnovetl up in energy b-

7
eV The 50ua ‘ lr‘e in the lower Plot (b) is drawn as the bes

r^roximation to tne expenmentai points. The dot-dashed lin

i

C0ITec:ea oaseline wnen the radiative correctioi»appued ,o tne electronic cross section.

Fig. 7. Carbon total photonuclear cross section integrated over
energy. The dashed line is the normalization applied to bring the
cross-section values to zero at threshold.

fosx N8S-418
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REF.

H. Artus
Z. Physik JJQ, 355 (1966)

EL EM. SYM. A Z

c 12

METHOO

60 MeV Linac

REF. NO.

66 Ar 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

'

ANGLE
TYPE RANGE TYPE RANGE

G
« BE7 ABX 30 - 57 C 30 - 57 ACT-

1

API

5 7

I criE = 6.0 MeV mb
°Thr

5 70'2 9

*

2 j-

f L

rr z*
/» » r

t

r r
» t yl

V
./

cs&an)j f
f / /

C'yy.xjSe
7

:

ir/.w

- 0.5moarn

-j OM
i \

-Jflj ^3.

ss ;y,2sJn)

L J— 1-7

<22 5s-

Lu

(27 a

-V 35 -10
_

-IS 50 55 £,

/leVj

Fig. 3. S<r 7-Er2=ugung aus Kohlenstoff. Die MeOpunkte dieser Arbeit sind durch Krtise (0.12.\'o 7a-
rvonverter). Quadrate i0,073 .Vo) und Dreiecke (0.012 -Vo) aargestelit. Dabei entsprccnen die ausgefiillten
Symboie Aktivierungcn in Targeiposition 1, die iccren Zeichen Bcstrahlungcn in Position 2. Alle MeO-
wcrte sind mit eincm zusatziichcn Eichfehler von — 5 "o behaftct. Die eingc2eichnete Kurve ftir das Aus-
bcuteverhaltms entspricht dem gcstrichcit angegebcnen Wirkungsquerscbnitt. Die Sahwellencnergien E,
far verschicdene Rcaktionskanaie werdcn- durcn Pfcile angedeutet. Meflwerte andcrer Experimentatoren
sind die iicgenden Kreuze- und das stchenae Krcuz 13

. Von dcr Theone vorausgesagte Niveaus im O 2-
Kern werden dined Pfcile gckennzeicnnet (bei 34,3 MeV, 33,0 MeV, 36,6 MeV und 41,5 MeV nach U;

bei 33,7 MeV nach la
; bei 29,5 MeV und 31,9 MeV nach 2u

)

form M3S-413
(Rev. 7.1 4.641
use OMM.OC aa 010-P94 PHOTONUCLEAR DATA SHEET 171
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EL EM. SYM. Aref. H. Arcus. ?. Brix. H. G. Clerc. F. Eigenbrod, A.

F. Gudden, E. Spamer, P. Strehl, M. Stroetzel,
and K. J. WeCzel

Proc. Gaclinburg Conference, 3 14 (1966)
______ _____ -

ljG 1 umarn

,

0. Titze,
z

C

REF. NO.

12

66 Ar 2 hrag

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E .£/ LFT 4 D MAG- D

(4.43)

MEV

TABLE 1

Summary of Experimental Results*

Nuclide E.(MeV) Type rv°(ev) r-0 /p
*7' 1 W R„ F)

s
Li 2.18 E2 (3.3 : 0.5) X KT1

14.4 3.77 z 0.43
3.56 Ml 3.9 : 0.1 9.4 2.96 z 0.11

Li 11.23 r 0.05 (Ml) or (1.3 z 0.4)/?° 0.043/

g

(M2) (0.026 z 0.008) /g 2.5/ g53e 15.37 - 0.03 Ml (3.7 z 0. 6) g 0.043/ gu
3 4. 46 E2 and 0.0173 z 0.0021 3.2 3.44 z 0.50

Ml 0.64 z 0.03 0.34 2.50 z 0.35
5.04 Ml 1.34 z 0. 14 0.59 2.60 z 0. 11

C 4. 43 E2 0.0122 z 0.0008 5.30 3.14 z 0.30IS0 6.92 E2 0.100 z 0.015 3.23 3.32 z 0.46
11.52 E2 0.52 z 0.13 1.31

“Mg 9.35 r 0.04 Ml 7.35 r 12 0.33 3.50 z 0.49
3.97 = 0.03

10.35 z 0.03 E2 0.24 Z 0.05 0.53 5.05 z 0.50
10.70 z 0.03 Ml 22.2 Z 2.4 0.86 3.50 z 0.36
10.33 z 0.04 E2 0.26 z 0.11 0.50

“Si 4.97 z 0.02 CO (2.0 Z 0.5) X i<r
5 '

5.90 z 1.20
C* 6. 39 £ 0.05 E2 0.23 Z 0.04 2.35 4.60 z 0.50

* The Bom approximation has been used except for °0 ana
,0
Ca.

' g = (21, - 1) /( 21, 1).
' T, 1 equivalent to ME = (8.87 z 1.00) F

J
.

PORM NBS-413
(R EV. 7-1 *-«4>
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REF.

E* B. Bazhanov, A. P. Komar, A # V. Kulikov and V

J. Nucl. Phys. (USSR) 3, 711 (1966)
Sov. J. Nucl. Phys. 3, 522 (1966)

METHOD

I. Ogurtsov
EL EM. SYM.

i
A

12

REF. NO.

Synchrotron 66 Ea L JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTCR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX THR - 52 C 13-52 BF3-I 4PI
'

Fig. 2. Cross section for photoneutron reactions in the nucleus C' :
: solid circles -first

senes of measurements, hollow squares -second series of measurements (left-hand ordi-
nate scale), lines a and b -average values of cross sections, hollow circles -integrated cross
section f[aiy,n) + oly./m) - 2crty,2n> + . . .jdE, (right-hand scale). The statistical errors are

shown. / crdEy = 65.0 * 0.5 MeV-mb.

Fig. 4. Cross section for the reaction C' 2(-/,niC" in the giant-

resonance region. The statistical errors are shown.

form NBS-418
|

<n ev. 7-i a-aai

j

USCOMM-OC 2SOIO-OS4

Fig. 5. Comparison of the results of investigation of the

C :

-(y,/!iC" reaction. Histogram — our data; smooth curve — data

of Kef. 6: experimental points— data of Ref. 9; black columns—
results of Ref. 8. In the lower part of the figure are shown the

positions of peaks and their half-widths according to the results

of a study of neutron spectra. 21

U.S. DEPARTMENT OF COMMERCE
NATIONAL, bureau of stanoards
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Bishop, S. Costa, S. Ferroni, R. Malvano and G. Ricco
Nuovo Cimento, 22B . 153 (1966)

ELEM. SYM.

12

REF. NO.

Linac; S.E.M. Monitor; NBS Ionization Chamber I” Page 1 of 2 ] 66 3 i 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABX 20 - 200 C 20 - 200 BF3-I 0 - 50 4PI

Taulk I. - In tliiii Talile are given the cross.rrrtinns measured in mil!ibam averaged
over the energg ranges indicated in column 1. Tlie contributions from Che internal

(I) and external {E) counters add together Co £ivc the total 17') cross-section.

1 '-C 2,A1 s

T 3.1.1) 10.15
i

7.15
'Hires. 4- 40 MeV E 0.33 0.30 0.70

I 3.23 9.35 6.45

T 2.52 7.30 6.73
(40- 30) MeV E 0.94 1.35 1.48

I 1.58 6.45 5.30

T 2.55 7.70 6.12
(80-120) MeV E 1.13 1.37 2.37

I 1.42 5.83 3.73

T 2.30 9.13 6.58
(120-lt.O) MeV E 1.30 3.00 3.66

/ 1.44 6.18 2.92

T 3.18 13.40 12
(160-200) MeV E 1.48 5.25 3.60

I 1.70 8.15 3.6

O

2000 -

#
/Al

0 uO 30 l 20 ’60 200

E ^ MeVi

Fig. 9. - Total neutron integral cross*

sections.

Fig. 10. - Total neutron (Inferential cross-

sections.

*ORM NBS-418
'REV. 1 4-«4l
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REF.
G. Bishop, S. Costa, S. Ferroni, R. Malvano and G. Ricco

Nuovo Gimento, L2& , 158 (1966)

ELEM. SYM.

12

METHOO

Linac; S.E.M. Monitor; NBS Ionization Chamber

REF. NO.

Page 2 of 2] JDM

Table II. - In this table the data from Table L are treated
,
as discussed in the text to give

cross-sections corresponding to photoneutrons in the approximate energy ranges (0 4-15) MeV
and above 15 MeV. Thus the result «) corresponds to the relation a = I— 0.±B\ and.

b ) corresponds to b = 1A-E.

uf1 »A1 s
1

i

<l) 3.13 9.03

i

6.17
Thres. -r 40 MeV

i

b) 0.53 1.12 0.98

a) 1.20 5.91 4.71
(40- 80) MeV

b) 1.32 1.89 2.07

a) 0.97 5.08 3.35
(80-120) MeV

by 1.58 2.62 3.35

a) 0.90 4.98 1.46
(120 a- 160) MeV

b) 1.90 4.20 5.12

a) 1.11 6.05 6.95
( 160 4-200) MeV

b) 2.0* 7.35 5.05

CETECTOR
ANGLE

I - OAK. I = int. counter.

E = ext. counter.

Table IV. - The total absorption cross-section tor y-rnys is calculated by dividing the

total neutron production cross -sect ion by the neutron multiplicity. The result is given
in the first column under each element ami. for comparison, in the second column the

value of b is inset red from Table II.

1ZC

(40 4- 80) MeV 2 ° 1.3

( 80 4- 120) MeV 1.8 1.6

(120 4-160) MeV 1.8 1.9

(160 4-200) MeV 1.7 2.1

I

3

6.0

i

i

1.9
j

5.2 2.1

4.7 2.6 3.7 3.4

4.6 4.2 3.4 5.1

5.7 7.4
1

5.1 5.1

Table V.

E n ( A b n ({') XZ/A

40 3.1

70 2.75

100 2.52 2.25

130 2.64

160 3.15

Table VI.

^Inteio (
*

) tT,DteTp

0-35 35-140

1 2 3

C 144
%

220

Al 344 590
s 466 382

Tntt
1’) fflat (B.L.)

4 1 •

364 = 40 373 252

934 - 100 840 567

848 - 90 990 670
FORM HBS-418
(R EV . 7-1 4. 44 )
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ELEM. 5VM. A

B.C. Cook, J.E.E. Baglin, J.N. Bradford and J.E. Griffin
Phys. Rev. 14 ; ,

B724- (l966 ) 12

METHOO

JO MeV synchrotron

REF. NO.

66 Co 2 JDM

EXCITATION
ENERGY

SOURCE oetector
angleREACTION RESULT

TYPE RANGE TYPE RANGE

G,N ABX THR - 66 C THR - 70 ACT -I 1-PI

Cross section integrated to 65 MeV is 77 - 6 MeV mb,
1 1 1

Fic. 1. Comparison of the present results for the C'Vy.mC' 1 cross section with a recent monochromatic-r-ray result.
ErTor bars have the mearung given in the text in See. III. CLSR refers to the least-structure computer routine.

1

Fic. 4. Comparison of present work with neutron energy SDcctrura of Firk w ,ji. The enhancement of the
neutron spectrum at 21.7 MeV is proDabiv due to an exciteu-state transition.

7 76

p o pm NBS-418
(REV. 7 • • 4-€4l
JSC3MM-0C 28010-0^4

MERGE
OAROS



EL EM. SYM.
j

REF.

H. Crannell
Phys. Rev. 143, B1107 (1966) 12

METHOD

Linac [Page L of 2]

REF. NO.

66 Cr 1 JDM

REACTION
EXCITATION
ENERGY

SOURCE DETECTOR

E,E/ FMF 4.10 6QQ- 800 MAG-D 6 50 - .DSJL

q
2

;
2.79' - 11.45 F'

RMS (r2 )'- = 2.40 = 0.02 F

J F
z
(q

2
) FOR THE 4.43 MeV LEVEL IN c'

2

INCIDENT ELECTRON ENERGY
• 187 MeV
9 250 MeV
• 300 MeV
• 420 MeV
• 600 MeV
3 300 MeV

10 F
t

A
1 f

t\
j

1 1

i

.

i w
s

q
2

IN F*

Ftg. 6. 03 a function of q
l for the 4 44-MeV level in

C”. A diffraction feature can be observed at a a1 of approxi-
mately^ F~*.

FORM NBS-418
(R EV . 7-1 4-64)
'J 3 C OMM-DC 2Q010-P64
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REF.

H. Crannell
Phvs. Rev. L13, BLL07 (1966)

ELSM. SYM.

c

A

12

2

6

METHOO

Linac
L
Page 2 of 2]

REF. NO.

66 Cr 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table II. Elastic and inelastic cross sections for C 12
.

/'- 0

l MeVI

e

(deeTeea) Elastic scattering

Differential cross sections in em'/sr*

4.43-MeV level 9.64-MeV level

600 32.0 (6.35 ±0.251 X 10-’! 1 4 54a-0.05) X 10“11 (2.3O±0.29)Xl0-»
33.0 1 2.35=0. 15iX10- J

1 5.58 ±0.05) X 10- Jl (2.09±0.24) X 10“"

33.0 < 1.74-0.201X10-' '3 50— 0 0.1) x 10"” (2.37±0.25)X10-, >

34.0 (5.22±0.64)X ID
- '-1

‘ 2.50±0 02) X 10-11 ( 1.4S±0.15) X 10-11

35.0 1 2.4 ±10 , :<| I)-3 1 1.72±0 (ll) x 10~n (l.l4±0.11)Xl0-»
35.3 (2.40±0.29) .< in--1 (1 -< 2—n.ni'Xio-* 1

36.0 (4.31 ±0 24
1 X 10-0 ( 1.30±0 01) X lO

-*1 (0.44±0.05)X10- 15

37.0 f7.52±0.66)X10"« (0.15=0.1 uxio-” (6.75±0.63)X10- 1S

33.0 '3. 14—0.341 X 10—J (5 i)R±n 00) X10-" (4.49±0.45) X 10—11

40.0 (9.76=0.91 |V|0-« (4.43=0.11) X10-« (2.66±0.33)XtO-«
40.0 1 7.56±0.24) X in--1 ' 4-48±n.06) x 10-31 (4.39±0.44)X10-“
40.0 (7. 16=0.37 ix 10"“ (3.S5±0.09)X10-" (3.36±0.35) X 10* 15

41.5 <7.00±o.26t y itr 3 (1.63±0.05)X10-“ (1.66±0.24>X10"n

45.0 (5.65±0.20i X in 3 i5.01±0.2S)X10-« (5.69±0.59)X10-n

47.S (3.353:0.111 X 111-11 il 68±0.141X10-3 (2.15±0.72) X 10~,J

48.0 (2.53±0 lOi Xll)-1 1.06±0.12) X10-” (2.53±0.27) X 10-3

50.0 (1.46±0.06iX10-~ (4.2 =1.3 )X10-« <8.4 ±2.1 )X10“M
50.0 ( t.50±0.10i X Kr-1 :.03±0.0H)Xl0-« (7.9 ±1.5 )X10-“
50.0 (1.43±0.03> X 10" 1 i.5.9O±0.40) X 10~M

( 1.02±0.10) X 10~B

52.0 (9.31 ±0.431 X10-> ( 1 . 16±0.331 X 10“u

55.0 (4.3S±0.26iXlO--> 4.5 3=2.6 )X10-»
60.0 (7.6 =3.3 ) X K)- ,s

SCO 32.0 n.24±0.03lX10- - (2.12=0.11)X10-n (l.S6±0.19)X10-3

33.0 (8.6 ±1.8 ; X

1

0- '
i i. 14=0.29) X10-”

35.0 (5.52±0.20)X10--< 3.91 =0.20) X10-3 (3.9 )X10- U

37.5 (2.66=0.22 ; X10~3 (8.3 ±1.7) X 10““
( 1.1 Zol )xio-»

40.0 9.74±0.48) X 10* * <2.1 ±1.0 )X10-“ (5.8 ±2.1 )Xl0-«
40.0 (9.51 ±0.62) X10"3 l.

,w±0.09)X10- , ‘
(5.6 ±1.7 JXIO-**

40.0 (1.02±0.03)X10-“ .2,3
3^-S

)X10-’* (3.6 )X10-«

41.0 i'4.34±0. 1 2) X 10“’* (1.12±0.61)X10-« (2.5 ±1.2 )X10-JI

42.5 (4.48±0.27)X10-» i 1.65±0.S3) X 10"“ (4.0 ±1.3 )X10~“

44.0 (1.56±0.32) X10"3 (6.9 ±3.4 )X10-'* (1.0 )xia*“

45.0 (9.9 ±4.9 1X10-“ (9.9 ±4.9 )X10-« (9.9 ±4.9 )X10-’ 5

45.0 (1.16±0.161X10-« (1.17 ±0.32 ) X 10~“ (1. 17=0.59) X 10-*

45.0 1 1.27±0. 17) X 10"“ (8.7 ±2.0 )X10-’ S (1.32±0.68) X 10
- *4

45.0 (8.0 3=1.6 )X10~1S (8.0 ±1.3 )X10-)S (4.0 =2.7 )X10-“
46.0 (7.4 ±1.8 )X10~ !) (7.4 ±1.3 ) X 10-“ «6.4 =3.2 )X10-“
47.0 (2.5 3=1.0 )X10"’ ! '4.5 =1.4 /XIO-” (3.9 =1.2 )X10-“

48.0 (1.02±0.51) X 10-14 (3.58=0.95) X 10-“ d.S tol )X10-“

48.0 (1.33=0 54) X 10-“ i4.30±0.40)X10-“ (4.0 ±2.7 )X10- !1

49.0 (t.O )xl0-» (3.2 ±1.7 )X10-“

50.0 ( <1.2 IXIO"1 *
1.2.7 ±1.3 )X10-“

• Error? given are those due to counting statistics only. All cross sections were measured with an angular acceptance in the horizontal plane ( Ad) of 1.93°.
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REF.

F. W. K. Firk
Proc. Gatlinburg Conference 352 (1966)

ELEM. SYM. A

12

METHOD REF. NO.

66 Fi 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC THR-65 C 65 TOF-D 5-Z.O oo

Neutron Energy — MeV
50 io

-* 0

Mg*

Fig. 1. Observed photoneutron time-of-flight spectra of C, O, Mg, Si, Ca, Co, 7, and Ta.

over
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90'

Relative

Yield

(Arbitrary

Unite)

Fig. 2. The 90* relative yields of pnotoneutrons from lJC and ‘*0 compared with

the total ( y, n) yields.
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REF
- G. M. Fossa, G. Ricco and C. Manfredotti
Nuovo Cimento 43B . 347 (1966)

elem. sym. a

12

METHOD

100 MeV Synchrotron; NBS Ionization Chamber

REF. HO.

66 Fo 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX IB - 70 C IB - 70 ACT-T 4PI

j
3 (r> n )

J
Ihr

= 64t5 MeV- mb

o

1 = 38±7 MeV- mb
J Thr
7 °

^ 3 S

= 3C±5 MeV- mb

Table compares with other measurements.

Fig. 1. - lsC(v, n)uC cross-section : bin width J = 2 MeV.
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REF.

METHOD

S.C. Fultz, J.T. Caldwell, 3.L. Berman, R.L. Bramblett, elem. sym. A z

and R.R. Harvey

Phys. Rev. 143, B790 (1966)
C 12 6

|

REF. NO.

Nearly monochromatic x-rays from positron annihilation

R EACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN GE TYPE R AN GE

G.N ABX 18- 37 D 18- 37 BF3-I 4PI

12
c emits neutrons from mostly ground-state transitions.

38

f adE = 46±4 MeV mb
0

Table I. Energy levels observed in Cu .

£(MeV) ro(mb) r(MeV) MeV mb*

Percent
dipole

strength 1*

22.0 4.50 1.5 10.6 19

23.2\
24.Oj
25.5

2.0 18.1 33

2.50 2.0 7.9 14

27.1 1.50 1.5 3.5 6

23.3 1.50 1.5 3.5 6

30.5 1.95 2.0 6.1 n
35.2 —1.0 **-3.5 ^-5.5 ~n

* The integrated cross sections presen ted here are the areas under Lorenu

lines which have been dtted to the resonances, li.e.. (r/21» 0r).

< The percentaje of dipole strengths represented here are the fractional

integrated eras, sections for the resonances luted.

21 22 23 24 23
4HOTON ENERGY ( M.v

I

Fig. 4. Top data points (A) aro cross sections for photoneutrons

emitted in ground-state transitions. The dashed curve represents

the data oi Vertinsky ei d. tRef. 16). The lower data points < B)

are cross sections for neutrons emitted in transitions to the first

excited state of Cu
,
while data points (C) are cross sections for

neutrons emitted in transitions to the third and higher excited

etates.

Fig. 1. Photoneutron-cross-
sectioa data for carbon
[<r(y,«)-r<r(-r,nft)J obtained
by the use of monochromatic
photons, and measurements
oi the total neutron yield.

rO PM N3S-418
P;V. 7-' 4-441
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REF E. M. Kellogg and W. E. Stephens
Phys. Rev. 149 , 798 (1966)

EL EM. SYM.

12

REF. NO.

66 Ke 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

•pG.P ABX 21-22 D 21-22 EMU-D DST

(21.3). (21.6)

1

2°tlD

-

r t

1 T“M
t

1

i
i i i !

' 1
i i n

1.0 .3 .6 .4 .2 0 -.2 -.6 -d -4.0

Jf

Fig. 3. Numbers of

observed photopro-
tons plotted against

cos2^ for £, = 21.6

MeV. The distribu-

tion to be expected
for pure £1 is shown
as a histogram.

cos z<f>

Frc. 4. Photoprotcn cross section as a function of photon eneny
Solid one derived by detailed balance from the work of
Allas d ai. .Ref. 2). Dashed curve from the -C',e,pe) results of
Doaee and Barber (Ref. 10) assuming ground state transitions

^ ,

l+ l-o sin*0 angular distribution. Dot-dashed curve shows the
Civ.po) resuits ot bhin and Stephens (Ref. 3). The crosses reort-

sent the present results.
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REF.

W. A. Lochstet and W. 2. Stephens

Phys. Rev. 14-1

,

B1C02 (1966)

ELEM. SYM. A

12

METHOD

Monochromatic x-rays from T(p,7)He reaction

REF. NO.

66 LO 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 21 - 27 D 21-27 ACT-T hPI

A
-• ^

*

2?
fdE = 36 MeV mb

o

5=t

i3 :•*

FiC. 3. BC(7,ni uC activation cross-section curve as a
function of photon energy.

,0 K. Min and \V. D. Whitehead. Phys. Rev. 137, 3301 (1965).
11 B. C. Cook (private communication).
11

S. C. Fultz (private communication).
u B. M. Spicer, Xuovo Cimemo 2, 243 (1964).
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J. M. Maison, M. Langevin and J. M. Loiseaux
J. Physique, CoLloq. _1, 36 (1966)

ELEM. SYM.

12

METHOD REF. NO.

66 Ma 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

g,ng/ RLX 21-31 C 21-31 NAI-D

G.PG/ RLX 21-31 C 21-31 NAI-D

Fig. 1. — Variation de !a section cfficace relative

in fonction de I'inerpe d’exatation pour remission
de neutrons et protons vers !es ttats 5/2— (4,32 et

4,46 MeV) et 3/2- (4,SI et 3,01 MeV) de et HB.
Les + et les o correspondent k deux s4rka de mesures
indtpendantea.
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REF. ELEM. SYM.
|

A
J. Miller, C. Schuhl, G. Tamas, C. Tzara
J. de Physique 27 . 3 (1966)

12

REF. NO.

66 Mi 2 egf

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 13-26 D 18-26 BF3-I API

TABLEAU V

Cint A 26 MeV en MeV.mb

l*0 *°Ca i*C Mg

Y, a 41,5 ± 4 73 i 7 29,4 — 3 58 - 5

9

M « 23 U 24 23 23 •."«*)

Fig. 3. — <r(y, n) dans 12C. Points experimentaux
d’avril 1962. La courbe tient comptc dc la largeur

finie de la raie de photons (400 keV).
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REF. ELEM. SYM.
; A

V. Parikh
Nucl. Phys. 77, 157 (1966) 12

REF. NO.

Linac, S.E.M. Monitor, Faraday Cup 66 Pa 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P SPC THR - 55 C 55 SCI- D 3L DST
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G. Proca, D. Isabelle and J. GoLdembei

J. Physique Colloq. _1, L 0 5 (1966)

EL £M. S V M. A

12

METHOD REF. NO.

66 Pr 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

V c-/ NOX IA-21 D 1 00- 200 MAG-D 130

Level structure observed

Level
A

4-

1 ,
T = 1 L c • 11

2’, T = 1 16. 1

13. a

20. 3

2', T = I lc. q

19. 4-

f, T = l 17. 2

21

22. 5

25

.

5

B
m (q=0) B r (q=0)
1 “3

1,1 F4

) 3. 95±0 .24)

F

4
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REF N. G. Aranas' ev, V. A. Gol'dshtein, S. V. Dementii, V. G. Vlasenko,
I. M. Arkatov, and Yu. I. Titov

J. Nucl. Phys. (USSR) J, 1134 (196?)
Sov. J. Nucl. Phys. jj, 308 (1967)

EL EM. SYM.

12

REF. NO.

67 Af 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

e,e/ RLX G- 100 D 846 MAG-D DST

d*S/d£dQ, re/. un.

Spectrum of inelastic scattering of 846-MeV electrons by C” (full circles) and elastic scanering bv
hydrogen (crosses) at different angles.

0.

deg
oc/a„.MeV-* R «, MeVic

23 5,6-l0*»±11% 2. 4-0,

3

216 + 24
35 G,M0*‘±13«4 2,8±0,4 188-24
45 5,8-10*’±21% 3,0+0,

9

1763:37

"d /d
Cx

P
is the measured cross

section ratio for inelastic scat-
.12tering of 346 MeV electrons by C

and elastic scattering by hydrogen
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ref. U. Amaldi Jr.. G. Campos Venuti, G. Cortellessa. £.

S. FrulLani. R. Lombard and P. Salvadori
Phvs. Letters 253 . 24 (1967)

METHOD

De Sanctis.
I

EL EM. SYM. A

12

REF. NO.

67 Am 1 EGF

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/'P RLX 130,160 D 635 MAG-D 51

Fig. 1. Momentum distribution ox the Is protons. The
dashed and full lines represent the harmonic-oscillator
and square-well fits, respectively. In the inset a kine-

matical diagram of the reaction is shown.

CROSS SECTION

0 7- (ARBITRARY

CC
0 iO 80 120 160 200 q (M*V/e)

Fig. 2. Momentum distribution of the ip protons. The

dashed and full lines represent the harmonic -oscillator

and square-well fits, respectively.
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REF
Yu. P. Antuf'ev, I. I. Miroshnichenko, V. I. Noga. and P

Sorokin
Yad. Fiz. 6, 431 (1967)
Sov. J. Nucl. Phys. 6, 312 (1968)

ELEM. SYM.

12

REF. NO.

67 An 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLX THR-999 C THR-999 ACT-

I

4PI

999= 1.6 GEV

Fig. 1. Cross section ffq of tile reaction C' 3 —
* C

'

1 per equivalent

y quantum as a function of the maximum bremsstrahiung energy:
O— from t31

, •— our data.
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M. Bernheim, T. Stovall and D. Vinciguerra
Phys. Letters 25B . 46 1 (1967)

EL EM. SYM.

12

METHOD REF. NO.

67 Be 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/ ABX 4.43 D 113-390 MAG-D 100-400 DST

'
tq»w w 'oo* to* «y •

2 3 5

Fig. i. Electro-excitation of the first excited state of

12c at q = 1.007 fm" 1
. The straight line is a least-

squares fit to the points.

Table 1

Experimental cross section for the 4.43 MeV level of

‘2c at 7 = 1.007

E a da/cift

i MeV) (10
J ‘c cm")

3S9.S5 30° 410 t 26
205.05 40° 211 r 10

235.40 50° 1 17 * 7

202.00 00° 81.3 p 6.5

17(3.25 70° 56.4 x 3.6

157.53 50° 41.0 p 2.2

l-.-i.50 00° 27.4 * 1.7

132.50 100° 13.3 p i.i

124.20 110° 13.2 p 0.8
117.70 120° 0.50 i 0.59
112.00 130° 6.14 x 0.36
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H. Crannell, T. A. Griffy, L. R. Suelzle and M. R. Yearian
Nuclear Phys. A90, 152 (1967)

EL EM. SYM.

12

METHOD

[Page 1 of 2]

REF. NO.

67 Cr 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

e,e/ FMF 0- 10 D 100-200 MAG- D DST

q
2 = 0.12 fra'

2
- 0.4S fra

Table 1

Measured transition widths for excited states in 12C

Energy

(MeV) A

rtl (in eV)

Present

determinations Ref. l
)

Previous

determinations

4.43 2 (10.6== 1.1) x 10-

3

(ll.2±1.2)x 10-J (10.5 =2.0) x 10-* »)

7.66 0 (6.2 =0.6) x 10"* (6.5 =0.7) x 10
_‘

(5.5 ±3) x 10”* °)

9.4 3 (3.1 =0.4) x 10"* (3.6±0.4) x 10~*

*) Ref. •). ») Ref. 7
).

0.20
|

—
transition plot for
7.66 MrV LEVEL IN C

12

2

q" IN tm'
a

Fig. 1. Transition plot for the excitation of the 7.66 MeV level in ltC. The ratio defined in eq.
(1) is plotted for A = 0 and A = 1 using data from ref. l

). The large extrapolation necessary in the
previous determinations of transition width is shown, and the fact that only the correct choice of

multipolarity (A = 0) will yield a straight line.
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ref. H. CranneLl, T. A. Griffy, L. R. Suelzle and M. R. Yearian
Nuclear Phys. A90, 152 (1967)

ELEM. SVM. A

12

METHOD

[Page 2 of 2]

REF. NO.

67 Cr 1 JDM

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

angle

TRANSITION PLOT FOR 4.43 MeV

2 . 01-

LEVEL IN C

A • 2

‘ • OLO DATA POINTS

0.5 1.0 1.5 2.0

TRANSITION PLOT FOR 7.6 MeV
.12LEVEL IN C

0.5 1.0

q* IN fm
2

I.S 2.0

TRANSITION PLOT FOR 9.4 MeV
.12LEVEL IN C'

1 . 0 i—

X • 3

{ • OLO OATA POINTS

0.5 1.0

q
Z

IN fm

1.5 2.0

Fig. 3. Transition plots for the first three excited states in “C. The ratio Rx defined in eq. (1) is

plotted for the appropriate vaiue of a. Both the data from ref. l
) and this experiment are shown.
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H. Crannell and H. A. Dahl
Phys. Rev. 1062 (1967)

ELEM. SYM.

C 12

METHOD

Linac

REF. NO.

67 Cr 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 19 D 400- SOO MAG-D DST

i <43 ,
\ 1 CLASTIC

t i

J raw

iii| i ,A ' 1

L
11 V»<v 'i

Je «« 115 Tto 478

ROTATING con. ftCAOOUT

10**
,

FORM FACTORS FOR EXCITATION OF
I9.S M«V LEVELS IN C‘*

726.1 M«v. CO*

i ii>

19.5

I

,f'!\ V-V i •
1

1

1

*1 96 ELASTIC

’V.i v3
.*..

j i— V >rS‘ .
-

655 663 671 679 687 695 703 7M 719

ROTATING COIL REAOOUT

Fig. 1. Spectra of electrons scattered from C11
. The ordinate’

git es counts arbitrarily normalized. The abscissas give the scat-
tered momentum as determined by a rotating-cod monitor. These
readings are approximately in units of MeV/c, the accuracy de-
pending on adjustment of the rotating-coii system. Corrections
that have oeen applied to the data points are discussed in the text.
_Tcita.tion^ energies at which peaks might be expected to appear
are laoeled. In each of these spectra the level at 19.5 MeV is
clearly visioie. Xo levels at higher energy are observed.

Tablz L Differential cross section in cmJ/sr for the
19.5-MeV level in C“.

£«

(MeV)
3

(deg)

A
(MeV/e)

Cross section

Method 1 Method EC

400.0 40.0 267 1.3X10-“
434.0 40.0 290 9.9X10-“
434.0 40.0 290 9.2X10-“
490.0 40.0 323 7.7X10"“
530.0 40.0 369 4.0X10-“ 1.7X10-“
580.5 40.0 390 3.0X10-“ 1.0X10"“
063.0 40.0 447 2.2X10"“ 8.6X10-“
726.1 40.0 490 7.7X10-° 3.0X10-°
782.0 40.0 523 5.1X10-“ 2.1X10-°
820.0 40.0 554 3.1X10-° 6-3X 10”“
SOO.O 41.0 553 2.3X10-“
800.0 44.0 592 1.0X10-°
SOO.O 45.0 605 6.5X10-“
300.0 47.0 630 3.2X10-“
800.0 48.0 643 2.1X10-“
SOO.O 48.0 643 1.3X10"“

0 100 200 300 A00 500 600
MOMENTUM TRANSFER qlM.V/c)

Fic. 2. Form factors for the 19.5-MeV level in C“. Experimental
determinations of the form factors by each of two methods, dis-
cussed in the text, are shown. The theoretical form factors for ther-1, 1~ and 2~ levels, and the sum of both contributions are
also plotted.
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V. di Napoli. F. Dooici. F. Salve Cxi, 0. Firina, H. G. de Carvalho

PICNS-o? Contributions, International Conference on Nuclear Structure

Tokyo, Japan 1967 (institute for Nuclear Study, University of Tokyo,

Tanashi-shi, Tokyo. Japan) 10.25, p. 389
12

REF. NO.

67 Di 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE

TYPE RANGE

DETECTOR
ANGLE

G.BE7 ABY thr-999 300-999 ACT-

I

API

G.N ABY 18-999 300-999 ACT-

I

4PI

Produotiam of C
11 ud B*

7
from O

12
by High Snergy Photon*

7. dl Sapoll , T. Dohiai, 3alvettl tod 0. foriaa

Irtituto dl QUmiaa Generals ad Inorganics dsll'CJnivareite - Bona - Italy

3. G. da Carvalho - Cantro Braaileiro da Pesquiaaa Flaioae - Bio da Janeiro - Brasil

999= 1 GEV

Tha praaant paper la part at a systematic work to (tody la datail tha laalaatla catar-

actloo# at high *nargy photons with complex oualai? by aaaaa at brsmestrahlung beam# with

paal, energies in tha range 300 H#V up to 1000 HeV, tram tha Kleotron Synchrotron at Presoeti.

?1«. I tod II show the aroaa-aaotlona par equivalent quantum found for the C
11

and Ba
7

production, using tha aotlTation method. Within our experimental errors tha aroae-aaotioua

obtained by means at tha photon difference aathod lean to bo oonstant in tha energy-range

and equal to 1.2 t 0.2 ab for C
11

.nri o.Ofl * 0.04 for B#
7

production. To Tarlfy tha ao-

aoreqy of tha aaaauraaaeta , o^ haa been onaputad at two energlaa l.a. 300 Me? and 1000

MaV uaing tha baat data available at praaant in tha literature? by naans of tha maorloal

Integral i n(k,S)dJc, where n(k,3) ia tha number at photona in the energy interval

(k,dk) at tha brMastrahlung beam, normalised to on# equivalent quantum, far ooopariecn. tha

results are repraaantad la Pig. I ml II. Tha C^y^C11
sroee-eeotlexi, in tha energy range,

ia only 10* lower >h-" tha predicted value from tha photao-aestm nodal i.a.

o<k) * U-4)P(k)|(o^.(k) cvJk))| J P(k) ia tha probability of aimultanaoua eeoope of tha

prodnoad aasos aid tha recoil nucleon without maaoa abaorption or partiala eoattaringj the

<7 a are tha ;h— aroea-aaotioo produotlon from free neutrona oorrectaO for mioleco

aotioa in tha miolsua. Par airtlum and heavy nuolei, hwisvsr, wa found quite a bad Agreement

with tha predicted (y»n) arose eactioca from this equation. Tha yields ratio (T^/Ba
7

ia

larger than tha ana from high eoargy protons Induced reactions in o ,
baoauas photopions

and reooil analecta originate uniformly within tha nucleus , rather than impinge from the

outside and have only 1/2 tha average path length, increasing by 4 tha transparent*

Bafmaosai 1) 7. di Sepal! at alt Huovo Clmanto 43 (1967) 1» and rafsraooaa.

2) 3.G.JUlts at al.u Hxys.asv. 143 (1966) 790 1 H.Arcus, 1.Haturf. 20m (1963) 320. J

DEPARTMENT OF COMMERCE
>NAU 2UREAUOF STANDARDS

3) L Haaaikat J. Fdiy*. Boo. Japan 19 (1964) 427. 196
\

v. r
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V. Di Napoli, F. Dobici, 0. Forina, F. Salv-etti. H. G. de Carvalho

Notas. Fis. Cent. Brasil Pis. Fis. _1J, 46 (1967)

EL CM. i I'M. A

12

METHOO REF. NO.

67 Di 3 egf'

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

G.N ABX 300-999 C 300-999 ACT-

I

4PI

G.BE7 ABX 300-999 C 300-999 ACT-

I

4PI

999=1BEV

PHOTON ENERGY IN MeV

FIG. 4
(_over

form NBS-A18
i R EV. 7-1 4.44)
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REF.

L. Feldman, B. B. Baliga, and M. Nessin
Phys. Rev. JJT7, 921 (1967)

EL EM. SYM.

12

REF. NO.

67 Fe 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 25-30 D 10-15 NAI-D 90

EXCITATION ENERGY OR C12 (M.VI

Tig. II. Yield curves for B i1 (£,y»)Cu and Bn (^,7,)Cu .

Tarle TI. Comparison of C’J excitation energies (in MeV) at

which fine-structure peaks have been observed.

Present

experiment

(p,y)

Gove el al.•

(P,y )

Becker and
Fox*

(P,y)

Allas ctal.'

(p,y)

Dodge and
Barber*1

(y ,p)

22.25(7,) 22.1(7i) 22.1(7,)

22.5 (7 .) 22.5(7o) 22 .6 (70) 22.5

23.6 (7 ,) 23.6(7,) 23.7(7,) 23.2, 23.9

23.5 (yo .yi ) 25.5 (70,71 ) 25 .5 (70,71 ) 25.5 70
25.6 7,

25.6

26.9 (71 ) 26.9(7,) 26.8(7,) 26.6

27.45(7o) . . . 27.14

28.0 f7n,7i) . . . 28.0(7,)

28.1(7o)

27.9

28.45(7,)

28.9 (7 „) 28.9

• Reference 5. • Reference 14.
b Reference 13. * Reference 16.

• H. E. Gove, A. E.
26, 450 (196 1).

Litherland, and R. Batcheior, Nucl. Thys.

p
B*ker

c
an

i
l J- D - Fo

r
x. N“cl. Phys. 42, 669 (1963).

^^“^^-^“tzmeister, and R. E.

“ w - R - Dodge and W. C. Barber, Phys. Rev. 127, 1746 (1962).

Table III. Absolute cross sections for Bu (£,7o)Cu and
BU (£,7,;CU ,

calculated at peaks of yield curve, assuming isotropic

angular distributions.

Proton energy Cross sections (jib)

(MeV) a-IYo) cr(-yi)

11.76 23.2=6.5 44.7=10.5

12.55 20.5±5.7 35.7= 8.9

13.09 18.7=4 4 37.6± 9.4

13.98 10.8±2.9 25.1± 6.2

14.19 15.6±5.0 22.7± 8.8

form NBS-418
IR EV. ?- I 4.«4)
U3COMM.CC 2S010-P44 PHOTONUCLEAR DATA SHEET 199
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EF
' S. Ferroni, V. Graeco, D. 3. Isabelle, R. Malvano and M. Sanzone

Nucl. Phys. A£3, 409 (1967)

ELEM. SYM.

C

A

12

z

6

METHOO REF. NO.

67 Fe 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G,XN ABX 100- 150 o \.n° BF?- I 4PI

a react.ons-cm 2

jq
s

moie • Mev

5>

Oxygen
Calcium

I J

*

v
ICO 110 120 no

_

140 ISO Ejma*

Fig- 3. Yields of the (y, Tn) reaction for the three nuclei as a function of energy.

— Carbon-
-—- Oxygen

c —
• Calcium

o

o

ICO 120 14.0 160 E y MeV

Fig. 6. The absorption cross sections for the three nuclei after all corrections have been applied.

Table 2

Values of the parameters for the best lit to the bremsstrahlung weighted cross sections

|

£
”— d£ - (a, -r <!,£.)£.

J £s £

llC “O *°Ca

a, (10“) 7.03 =0.05 7.9 =0.5 24.6 =0.8

j. (10“) -0.0173=0.0004 -0.0072=0.0036 -0.09 =0.006

F O PM NBS-418
in EV. 7-3 4-441
U3C OMM-OC 26010-P44 PHOTONUCLEAR DATA SHEET 200
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H. M. Gerstenberg and E. G. Fuller
NBS Tech. Note 416, June 1967

EL EM. SYM.

12

67 Ge 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR- 27 C 22.27 3F3-I 4PI

Table 7. Comparison of neutron yields. Yields are given in units of (neutron cn^/MeV nucleus) *10 23
.

The estimated uncertainties in Y and Y are of the order of 6? and 10?, respectively.

form NBS-418
(REV. 7. I 4*44)
U3COMM.OC 23010-PS4 PHOTONUCLEAR DATA SHEET 201
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NATIONAL. BUREAU OF STANDARDS



Fig. 31. Absolute neutron yield at a function of atonic number. The neutron yield from calcium
(Z = 20) It particularly low In comparison with the other eleaentt becauae lta (y,n) threthold
la high compared to the mean energy of the giant retonance.

202



REF.
S. A. E. Johansson and L. Nilsson
Arkiv Fysik Jjj, 403 (1967)

EL EM. SYM.

12

METHOD REF. NO.

67 Jo 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 19-20 D 19-20 ACT-

1

4PI

'Li(p,Y)
4 Be radiation

tig. 1. The cross section of tho l ‘Cfy,n) llC reaction. The two curves show two possible types of
cross-fleetion curves. The horizontal bars indicate the energy resolution. The arrows show the
corrected position of tho breaks in the activation curve of [12]. The height of the arrows is

proportional to the integrated cross sections.

FORM N8S-418
IR CV. 7-1 4-441
USCOMM-OC 2SO I 0- P64
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EL EM. SYM. A

K. Kramer. H. v. Buttlar, A. Goldmann, and 3. Huber

Z. Phvsik 207, 1 ( 1967)
12

METHOD REF. NO.

67 Kr 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYPE RANGE
ANGLE

G.T RLX THR-55 c 30-55 ACT-

1

4PI

Fig. 3. Yields of phototritons from i:C and ,<sO. Error bars are of the same order of
magnitude as the diameter of the circles. The lowest thresholds are indicated by arrows.
Curs es have been drawn arbitrarily through the data points. The dashed line shows a
i or the reaction *“C(y, pr 7Be calculated from the cross section measured by Maikov 18

° Maikov ,V .N . : Soviet Phys.JETP 7, 973(1953).
_Zhur.Eksptl. i Teoret. Fiz. 34. 1406 ( 1953) .

Table 2. Measured yields relative to that

of UC( y, n) !I C, ami a for the process
i:CY;\ t)

Em
MeV

rt'-Cf;-. r)] > u
I0‘ :

o,V :C(y.t)}

iibam

55 1. 15-0.06 30.3-1.1
40 2.52±O.OS 50.4- 1.6

45 3.75-0.11 30.9-2.4
50 4.94-0.11 1 1 2.4 x 2.5

rosvi NBS-418
IB EV. 7-1 4.841
U3C OMM.OC JB010-P84 PHOTONUCLEAR DATA SHEET 204
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REF.
H. W. Kuehne, P. Axel, and D. C. Sutton

Phys. Rev. 163 » 1278 (1967)

ELEM. SYM.

12

method
REF. NO.

67 Ku 2 HMG

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

G.G LFT 15 D 15 NAI-D 15

Photons, defined in energy to about 1% with the aid of a bremsstrahiung monochromator, were scattered

by isolated energy levels in C, Mg, and Si. Parameters for the six observed levels are:

Isotope Energy

(MeV)
iv/r
(eV)

r,/r S(3n)/(cA/2Jf^)»

C" 15.11 36 1 0.93

Mg“ 10.66±0.02 14 0.3 1.21

Si« 11.42±0.02 23 1 1.33

Si" 12.53 ±0.03
Mg“ 9.92 ±0.03 3.0 0.5 0.49

Mg» 10.07±0.05 4.2 >0.36

The 15.11-MeV level in C' 1
,
the 9.92- and 10.66-MeV levels in MgM

,
and the 11.42-MeV level in Sia are

T=» 1, T, = 0 analogs of low-lying 1+ states in the neighboring odd-odd nuclei. These levels exhaust most of

of the magnetic dipole transition strength of the respective nuclei, and therefore give information about the

expectation value of I s in the ground state.

u.s. department of commerce
NATIONAL. BUREAU OF STANOAROSFORM NBS-418

(REV. 7-1 A- 441
U3COMM-OC Z9010-PS4 PHOTONUCLEAR DATA SHEET 205



J. M. Loiseaux, J. M. Maison, and M. Langevin
J. de Physique 28, 11 (1967)

METHOD

ELEM. SYM. A

C

REF. NO.

12 6

67 Lo 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 18-34 C 34 NAI-D DST

Fig. 4.

I «C Section efncace differentielle de diffusion

(£,„ = 34 MeV).
II 1SC Section efficace prevue pour la relation ile

dispersion et multipliee par 0,33.

Ill UX Section etffcace differentielle de diffusion
140"

( £m -= 27 MeV). (C £m = 32 MeV).

FORM NBS*418
(R EV. 7-1 4-841
USCOMM-OC 28010-P84 PHOTONUCLEAR DATA SHEET 206
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G. A. Peterson
Phys. Letters 253 . 549 (196?)

ELEM. SYM.

12

REF. NO.

67 Pe 1 EGF

REACTION RESULT EXCITAT
ENERG

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ LFT 15 D 40-65 D 20-65 DST

"

Y
(C 12

)
= 36 ± 3 ev

X 90"

* 1 10
'

• 130*

ISO*

o.«o

9 1 ""

Fig.l. Ratio of differential cross sections for the ex-

citation of the 15.11 MeV state in to that of the

15.11 MeV state in 12c versus momentum transferred

to the nucleus in units of fm~4

FORM NSS-4I8
(R EV. 7-1 4-MI
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I. L. Smith, J. Garvey, J. G. RuthergLen, and G. R. Brookes
Nucl. Phys. BL, 433 (1967)

ELEM. SYM.

12

method REF. NO.

67 Sm 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NP ABX 150-250 C 250 TOF-D DST

J.

Fig. 4. Vertical angular distribution of coincident protons

from carbon (the curve is explained in the text).

form NQS-418
(R EV. 7-1 4- *4)
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METHOD

G. G

Yad.

Sov.

. Taran and A. G . Gorbunov
Fiz. 6, 1124 (L9b7)

J. Nucl. Phys. 6, 316 (1968)

EL EM. SYM. A

c

REF. NO.

12

i
Z

[Page 1 of 2]
67 Ta 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N G.3PN ABX THR- 170 C 170 CCH-I DST

G.NA G,PNA

G.NHE3 G.2P2N2A

G.P G.PA

G,2P G,PT2A
Table I

G.PN G.HE3 Yields of pbotonudear reaction of carbon

G,2PN G,3A
Reaction Reaction thresh-

old. MeV
Number of

events

Relative,

yield. %
Absolute

yield, mb
Integrated cross

section. MeV-mb*

(y,p

)

15.95 2213 42 6 4.41 116*4
(v. n )

18.72 1541** 29-6 3.12 (82±7) —
(Y , P") 27.41 402 7-3 0,80 42*5
(Y, He 3

)
26.28 45 0-9 0.09 3.0±0.5

(Y. "a) 25.26 130 2-5 0.27 8.6* 1.4

(Y, pa) 24.52 159 3- 1 0.33 10.2+1.1
(\, pna) 31.87 114 2-4 0.25 22.6*4.5
(Y, 2p )

27.18 45 0-9 0.09 5.7* 1.0

(Y, 2pn) 34. 0 35 0.7 0.07 4.2+ 1,1
v, fa )

7.28 137** 2-5 0.28 (3.8+ 1.1)
—

(Y, "He1
)

27.35 42** 0-8 0.09 5.6* 1.3

(V,pt2a) 27.08 70 14 0.14 9.4+ 1.2

(y. 2p2n2a )
35.5 170**

1

1 38 0.40 ~29±6 ***

(V. 3pn )
60 32-

J

5- Prong stars ~S5 28 0.5 0.05 (5*2)
—

6-Prong stars —85 5 0- 1 0.01 (2*2)
—

Total :
|

5207 1 10.7±0.2 345*15

* Only the statistical errors are included
** Visual identification

*** Determined from the reaction yield.

Table II

Parameters of the peaks in the cross section of the (y, p) reaction

. MeV aTnax* T. MeV

OO

JadE, MeV-mb

17.5 *0.1 3.6+ 2.0 0.4 *0.3 2.3±2.0 2.3

19.3 *0.1 4.2* 1.8 0.46*0.34 3.5*2.5 3.5

20.4 *0.1 7.3* 1.6 0.92*0.38 11.3*4.3 11.3

(21.38 +0.05) 8.0 +2.

7

0.15*0.20 1.7*2.5 ~ 1.7

22.1 *0.1 12.0*1.7 1.00*0.23 19.0*6.2 19

23.6 *0.1 11.2*2.0 0.93+0.23 18.0*4.7 18

1
24.75+0.05\

V25.8 +0.1 /

S.2+ 1.6 1.6*0.77 ! 1.2* 5.5 1123

28.0 *0.2 5.8* 1.1 2.3 *0.87 17,5*7 17.5

(31.1 *0.8) 3.2* 1.6 0.9 *0.4 4.3 +2.8 423

34.7 *0.3 3.5*0.8 2.3 *0.68 10.4*3.5 10.4

FORM NBS-418
(Rev. 7-I4-S4I
USC OMM.OC 2S 0 1 0. P0

4

PHOTONUCLEAR DATA SHEET 209

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAUOF STANOAROS



ref. G. G. Taran and A. N. Gorbunov
Yad. Fiz. 6, 1124 (1967)
Sov. J. Nucl. Phys. 6, 816 (1968)

ELEM. SYM.

12

METHOD

[Page 2 of 2j

REF. NO.

67 Ta 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

3,mb

"The cross sections of the reaction (y,p) were cal-

culated assuming that the daughter nucleus was

left in its ground state."

c

05t

£y. MeV

Fig. 3. Dependence of the coefficients of the angular diatribo*

tion on the energy Ey (MeV).

fid), arb. un. f(B). orb. un. /(»), orb. un.

23-JO

-H+H

i-4-4

18-13 1- n 2W5

4 HH
JO -33

13-20 33-32

ti V™ I

^>4 h44-
!

3

2

20-21 26-V

t+r4

37-U

21-22

22-23

I -deg. . deg. i. deg.

Fig, 2. Proton angular distributions of the (yf p) resctwr® of

carbon for different interaais of the energy Ey (MeV).
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b. A. neer, i'. c. ura^e. K

.

Nuovo Cimento 53B , 7 (1968)

ni-i.aa.ieon . v oLaoie, n. a- ^o-piar

L2

METHOO REF. NO.

68 Be 6 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

e,e/ FMF L8-20 D 63- 128 MAG-D DST
'

f 63.7 . 94.9. 127.2) (125.155)

19.4 MEV LEVEL

log To iMeV/c)]

Fig. 3. - Present and previous measurements

in tlie low-momentum-transfer region. The
data of Goldembcrg and Barber were ob-

tained at scattering angles of 152 a and
130°; those of Vanpraet at 180°. The the-

oretical curve is the 2" calculation by Ilir.r..

a Stanford. Goldejiberg and Barber

;

Stanford. Vaxpraet ; o Saskatchewan;

IIill; x Darmstadt. Goldeubekg
and Barber.

30 r-

r

10-

0=165 MeV.'c

10 20 30

1,7 -»g
r

9 2,

Fig. 2. - The angular dependence of

the square of the total form factor

|F,! ;. Since the line passes through

the origin any longitudinal contri-

bution is small.

porm NB5-418
(REV. 7-1 4- 44 )

USCOMM.CC 2S 010-P64 PH0T0NUCLEAR DATA SHEET 211

Fig- 4. - The present results in the form
{Z-/i.i)(\ — tg- 20°)Fi(gj and the results of

Crannell et al. The curves showing min-
ima at ~ 2o<) i\[eV 'c represent the particie-

hole predictions for a 1~ assignment.—
Ki-iirA'jijO-; :=

:

• Experimental I; * Experimental II;

x Saskatciiewan data.



sef. •• r. Bo rzn.-covsKi i . A. S. CherKasov,
and I. I. Zalyubovskii

Yad. Fiz. 7, 26l (1963)
Sov. J. Nucl. Phys. 7. 181 (1963)

METHOO

N. G .Aranas 1 cv . I. a. Grisnaev ELEM. 3 YM.
,
A

12

REF. NO.

63 Bo 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.XXX RLY THR- 110 D 110 MAG-D 76

XXX=MASS SPECTRUM

n

FIG. 2. Spectrum of pulses in Al-100 analyzer at d = 76° Target -

polyethylene (6 mg/cm 2
). Electron energy I 10 MeV. Field of magnetic

spectrometer corresponds to proton energy 5.3 MeV. Bias voltage on

counter 60 V

U.S. DEP *RTMENT OF commerce
NATIONAL BUREAU OF STANCA3CS

“O rm N3S-4I8
IR EV. 7-1 *-«4l
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S. V. Demencii
?

N G. Afanas'ev, I.M. Arkatov, V. G. VLasemco.
V. A. Gol 1 dshtein and E. L. Kuplennikov

Yad. Fiz. 3, 429 (1968)
Sov. J. Nucl. Phys. 3, 243 (1969)

EL£M. 5 YM. A

12

METHOD
i
REF. NO.

68 De 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

E,E/' FMF 55-202 D 580-968 MAG-D 450-963 DST

( 580. SO 5. 963) (
16° -60°)

tv,
,
MeV 1

Z ’tf
J

(

u’.r2
UJ,

MeV
E,

MeV
’

9 - F**
i °c m„. aCmAx' 0M' M'v‘‘

w,. 10
-*

W,. 10'“

MeV McV*‘

1.9
f
580 38 2.19*O.i2M0-« 1.47.10->-3.5»; •>

ou
j
805 3fl 3. 35-0. l .|. to

-" 1. 1G« I0*3 —4.1% i 8.9+0.

3

[ 968 10 5.00 =0.i3)-10-» 1 .08.10“*±6.5*j
J

2.8 75
f 580

{ 805
35 ,

5

23
(5.4,5 ±0.54). t0~*
(1 .18 -o.(i8). |0* 3»

0.934* 10*. ^*6.3*; ,

0.9'i5.tirA-l6.3«. 1

1

1

1 .4+2.2 9 '+-0 '

l 968 20.5 (1.78-0 07). 10“* o.936*to-’+3.>j.,
J

3.9
t s«n 43 (1.96-0, 14). 10“* 7.48.((r'*7», T

97 |
90S 30 (5.02-4-0.47). 10*» 8,4(I.|0*.a-9.4a.

! 0.01—5.0 7.4-0 1

1 903 2 1 . 5 (7.05 ±o. l7).l0-» 7..50-10-*+2.4%
J

6.3
{
590 59.5 (4. 17-0. 59). 10-* 6.06*tO-.-i-9.4», A

149
J

.805 40 (8.76—0.68). 10-* 4.71- 10“.+7 .8*; 1.86*1.69 4.(1 -0.5
l y68 32 (t.ssiO.oai-to-R 5.11- 16*^*4.9% J

7.7 177 /
805 45 (4. 95 - 0.35). 10”* 4.33'10->J-7.„

i

9.61+ 1.07 1 .7 ±0.81 968 33 (6. 45 ±0.28) -lO”* 3.33*10-<±4.:i% /

8.8 203
T80.S SO (3.6I-0.1.31-I0-R

(4.23 —0.37). 10-R
3.S2-tO-*-f-3.7«; i

2.5+1 . t1 969 39.5 3.18-10-*iii.3.i /
2.2 ±2.2

Inelastic form facton for carbon: a - W,(qu
:

, oj). theoretical values

calculated from Eq. (7); b - W,(q„ 2
, u), theoretical values calculated

from Eq. (8). In the q4
2
-<jJ plane the straight line 1 corresponds to

elastic scattering of electrons by carbon; region 2 is the region of excita-

tion of discrete levels; line 3 is the threshold for eiectrodisintegration of

the nucleus ( see Eqs. (21 and (3)). The experimental points lie in a plane

perpendicular to the q^-tu piane and passing through the "line ol

maxima" eM.
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X. £. Drake, £. L. Tomusiak and H. S. Caplan
Nucl. Phys. A118 . 138 (1968)

EL EM. SYM.

12

METHOO REF. NO.

63 Dr 1 eef

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 19 D 140 MAG-D DST

19.4 MeV Level inC® J*2\T*I

MOMENTUM TRANSFER IN fm*'

Fif. 6. The momentum-transfer dependence of the square of the transverse matrix element for the

19.4 MeV level in “C. Theoretical curve I was obtained using TDA with harmonic-oscillator single-

panicle wave functions chosen to give the experimental rms radius of the ground state charge distribu-

tion. Curve II was obtained using RPA with Saxon-Woods single-panicle wave functions chosen with

the OP^ radial function more confined to the origin. A Boeker-Brink potential (see appendix I) was

used for both curves.

H.Crannell
,
H.A. Dahl and F.H. Lewis,

High £nergy Phys. Lab. Report 432 .

Stanford (196c).
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‘

Is

id
3

L

'v

CVJ

a cr\~ K
T EXPERIMENTAL ! | SASKATCHEWAN
_ * ftATA
I EXPERIMENTAL 3

10
'

0 200 400 800

MOMENTUM TRANSFER q (MeV/c)

form NBS-418
(R EV. 7-1

U3COMM-OC 2fl 0 1 0- P6 4

Fig. 7. Plot of exhibits \Fr (q, 9}|* = 'FCoul (<7) ‘-(i-i-tS

1

for 'he 19.4 MeV level of

>*C at a scattering angle 9 = 40°. The experimental data of Cranneil et al.
5
) are displayed as well as

2 -j ^
our own.

I
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D. E. Frederick, A. D. Sherick
Phys. Rev. J/76 ,

1177 (1968)

EL EM. SYM. A

12

METHOD

[Page 1 of 2]

ref. no.

68 Fr 2 HKG

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,P RLX THR-32 C 30,32 TEL-D DST

(32.1) (30.5)

(32.1)

Fig. 8. Comparison of the total cross
section shown in Fig. 7 to the cross

section obtained from the inverse B 11 -

(p,yt) reaction to show nonground-
state contamination.. Curves are nor-

malized together between 25.6 and
28.6 MeV.

FHOTOSI INCHST (MeV)

Fig. 10. Angular-distribution fits at three particular photon
energies from data obtained with 32.1-MeV bremsstrahiung. Data
have been grouped into 200-keV intervals to emphasize smallness
ol systematic errors.

Fig. 11. The asymmetry parameter A i for data grouped into
oO-keV intervals and Eiw 32. 1 MeV. The solid curve is a smoothed
fit to these expenmental points. Errors shown are statistical only.
Because of their similarity in energy dependence and poorer
statistics, values of A t for £««30.5 MeV are given in 200-lceV
intervals only. The latter set of points has been shifted downward

0.

025, in view of the similarity and the bias limits shown in Table
1, to remove an absolute discrepancy of 0.025.
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REF. EL EM. SYM.
D. E. Frederick, A. D. Sherick
Phys. Rev. 176 . 1177 (1968)

12

METHOD REF. NO.

63 Fr 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 12. The asymmetry parameter At for data grouped into
100-keV intervals and £j-32.1 MeV. The values of A , for
£#—30.5 MeV are given in 200-keV intervals only.

Fro. 14. The anisotropy parameter Ai for £4— 32.1 MeV.

Fro. 13. The anisotropy parameter At foe £#-30.3 MeV.

I i . I ' ' - '
I . < '

'
' ' '

S to 21 22 23 24 23 26 27 29 29 30 31 32

photon energy :u.v>

Fio. IS. The quadrupole interaction parameter A, plotted in

the manner oi -4i except that an average clifference of 0.05 between
tell of points was not aroitrarily removed. Because of the controls
tombed in Sec. II, the £j— 32.1-MeV results are more reiiaOle,

m.iicating B «—0 at all energies.
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D. E. Freaerick
NucL. Phys-. A119 . 347 (1968)

ELEM. SYM.

L2

METHOD REF. NO.

68 Fr 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XP RLX 20-38 C 38 TEL-D L- 22 90

(37.7)

38- 37.7 MEV

No structure 32-37 MeV with resolute < 500 keV

,

Fig. 1. Photoproton spectrum at 90° obtained with bremsstrahlung of end-point energy Ej = 37.7

MeV under the assumption of ground state transitions only.
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N. N . Kaushal. 3

R. H. Augustson
Phys. Rev. 175 , 1-330 (1968)

J. Winnold, P. F. Yergin. H. A. Meaicus ana

METHOD

EL EM. SVM.

c

REF. NO.

68 Ka 1

12

HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,N ABX 50-35 c 55.35 T0F-D 10-35 67

( 67 . 5 )

NEUT ENGY SPEC

,

4

*vw.
u

i;

^ Jj

* *

*• . .

X 7

**»« „

:

[
i.

I-,.
• «•

1

* H*
, (

:r~
-

1 c

i ..
k

**

J V-.
*» 1

••••

"

i .

lm

j i

.

1
'''.A.- ... 1

9

1 |
•• •

**•

V A Tf 7

j

a- , ‘-V—

r

1.K-m!,.
ncutnch ENcmrr, m*v

Fro. 5. Observed neutron spectra due to 55-85-MeV difference

photon spectra. The effective cross sections hsve been divided by
NZ/A.

5 »oou
9„ AT Sr • 70 UtV (LEVINGE")

Z!« «O0 - '

b!3

^1?
fc

<T 200 -

\ E. » K> M«V

•\ ..

<fi o 4 WITH OPTICAL
ATTENUATION

E* » JO M«V

Fig. 7. Effective cross sections for production of fast neutrons
with energies greater than 10 MeV (solid circles) and 30 MeV
‘open circles) by the 55-35-MeV photon difference spectrum. The
dashed curves are modified quasideuteron model predictions as

discussed in the text.

Table L Comparison of present cross-section values in mb
for production of nigh-energy photoneutrons by 35-85-MeV pho-

tons with measured cross sections v(y,Tn), also in mb, for total

photoneutron production. The present cross-section values aie

uncertain by S to 10% because of counting statistics and normali-

zation errors
;
in addition all values depend on an absolute normali-

zation in terms of the deuteron photodisintegration cross section,

which is known to about 10% at these energies.

Target

ir(d9/du)n‘
(£.> 10 MeV)

[Present

experiment]

r(y,Tn)

Jones and
Terwilliger* Costa <t al.b

Other
results

Li 0.75 1.0

Be 1.0 2.7 2-3 2-3*

B 1.0 1.4

C 1.5 1-3 1.4 2.4*

0 1J 1.6

A1 2.8 5.5 4.6 8*

S 2.1 4.4 6-5*

Fe 4.2 16 12

Cu 4.3 20 19

Zn 4.4 15

In 7.4

Sn 7.0

Ta 10.7 95

T1 10.7

Pb 8-3 100

Bi 13

U 16 65

• Average cross sections between 55 and Si MeV, as read from Figs. 4
and 5 of Ref. 4.

a f o*<*£ ~‘j'<tmrdE/S0. as taken from Fig. 4 of Ref. 5 and Table I of

Ref. 6.
• S. Costa. L. Paiquaiini. G. Piragino, and L. Roasio. Nuovo Cimento

42. 306 (1966).
4 G. Bishop. S. Costa. S. Ferroni. R. Maivano. and G. Ricco. Nuovo

Cimento 42. 148 (1966).
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J. L. Matthews, W. Bertozzi, S. Kowalski, C. P. Sargent and

W. Turchinetz
Nucl. Phys. A.112

, 654 (1963)

ELEM. SYM. A

12

METHOD REF. NO.

68 Ma 1 EGF

REACTION EXCITATION
ENERGY

SOURCE DETECTOR

G.P ABX 100 95 -1Q2- TSL-P 40-95 DST

Fig. 8. Comparison of the J,C and *Li photoproton spectra at dp =92°, with 98.5 MeVbremsstrahlun

Fig. 7. Photoproton spectra from ISC with 98.5 MeV bremsstrahiung. The points labeled MIT are the

result of the present experiment. Those labeled Oxford were derived from the results given in ref. “)

(see text). The MIT data have been normalized to the Oxford measurement at E9 =» 55 MeV,
dp =* 72* in order to obtain the cross-section scale for the present experiment.
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Phys. Rev. Letters 21, 1266 (1968)

ELEM. SYM. A

12

METHOO REF. NO.

68 Ma 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G.P RLX 50-80 C 50-80 TEL- I 35-60 J.Z

(Ep is the photon energy at which protons of energy appear.)

rIG. 1. Yield (a) and cross section (b) for photopro-
duction of protons in the energy Interval £*=* 46.3-48.5
MeV. p

20 to 60 £ 0 IH»V)

FIG. 2. The energy of the observed resonances ver-
sus the energy of the detected proton. The straight
lines represent the kinematics as described in the text.
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Nucl. Phvs. A 109 * 177 (1968)

elem. SYM. a

12

REF. NO.

68 Pr 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 14-21 D 100-200 D 80-200 180

Data given on TT T

15.11 MeV 1+ 1

16.11 2+ 1

16.57 2- 1

18.85 2-r 1

19.42 2- 1

20.27 (2+) 1
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ELEM. SYM.

12

METHOO REF. NO.

63 Ra 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

type range TYPE RANGE

G.XN SPC THR- 103 C 103 TOF-D 3-90 DST

E0 (90°)
'2 V 30 60

fa)

En (90°)
20 30 40 50 60

H, 'I

",
I

,

'

1,
SO*

112*
I

i 1

JO 40 30 60 70 90 50 OO

Ex(MeV)

(b)

Fig. 10. High-energy spectra.
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En (MeV)
2 3 4 3 S T « 9 rO II I* !J 14 »5 * IT

i

- -
| , I

1

I
' “'l I l I

22 24 2M 24 30 32 34 34 34

Ex (MeV)

Fig. 8. Angular distribution coefficients for giant resonance region (curves from Boeker). The solid

lines under the energy spectrum are from Kamimura <?r al.
l7

); the dotted lines are from Drechsel

et al. “). The smooth curves for AJA, are from Boeker “).
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Nucl. Phys. A114 , 635 ( 1-963)

I ELEM. SYM.

12

METHOD

[Page L of 2)

REF. NO.

63 Ri 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

E, E/ FMF 26-35 60-100 MAG-D 40-30 DST

EX[M«V)

Fig. 2. Inelastic electron scattering cross section in i:C at £
(
= 102.5 NlcV and 0 = 60*. The full

line is the quasi-elastic cross section calculated as described in the text.

E* (MeV)

Fig. 3. Inelastic electron scattering cross section in ’’C at Ej = 60 MeV and 0 ~= 155°. Tlie fuil line

is the quasi-clastic cross section calculated as described in the text.
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EL EM. SYM.

C

A

12

z

/
o

METHOD

[Page 2 of 2]

REF. NO.

68 Ri 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table 1

Experimental conditions of runs performed

A
(MeV)

9

(deg)

<7

(fra- 1
)

102.5 60 0.47

60 155 0.47

71 155 0.58

32 155 0.70

100 155 0.87

E*(MeV)

Fig. 6. Inelastic scattering cross section in ,:C at £j = 100 MeV and 9 = 155
3

. Tlie full line is the

quasi-elastic cross section calculated as described in the text.

9 - 155 * E, • 22.75 MeV 9-155* E, • 25.7 MeV e-155* E.-3S MeV

Fig. S. Form factors per MeV at excitation energy Ex and 9 153° as a function of the momentum
transfer.
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elem. sym. a

12

METHOO REF. NO.

63 Ta 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

_GyLNL (G.PT) ABX THR- 170 170 CCH- I DST

(G.PNA ( G.NHE3

)

(G.PA)

G.NA)
Table I. Parameters of the angular distributions in the

reactions (l), (3), (4), (5).

Reaction Energy,
N4«V

PtrtkJt

typ*
a* <u a»

27—40 / P 1 -0.33 -1-0. 17 —*3.08 -K). 22

X n 1 -0.05^0,21 -0.08—0,27

0) 40—60
{

1
.:(

|

—0.07-M3.24
-rh. 09^0,30

—0. 1 4-HJ.31

t-0. 124-0, 35

60—170 / P l —O.IO-M).32 40.3640.36
\ ft 1 —0.42^0,44 4-0.32443.47

24—10 / P 1 4-0,274-0, 18 -r0.22-r-0.22

(3)
\ ^ 1 -0. .TOjfO, 10 —n. :U :f4). 20

40—170 1 /< 1 —ll, T)+JI,2.ri 40.43 Ml. 31

l « H J -Hi.23±0.22 —0.2ljfc0,29

26—40 / » 1 —0.0240.27 -H). 46-40. 33

(4)
l a 1 4-0. 18^0.22 -r-0. 23^43,34

40—170 / ft 1 4-0.294-0.33 —0.04-W),+0

\ « 1 -H) . 55-4-0 . So

(5) 27—170
{ f

1

r
-0.29-L0.l7
-0.2SM-0.20

-0 55-M1.24
—a.i3±0.27

Table H. Integrated cross sections for the reactions
(l) —(6), MeV-mb.

Er M«V

0—40
|

40—40 40— 1 00 100— HO 140—170 0—170 •

(V- II 5 1 '0 7 7.4 7.7 5.2 42 -**5

IV. A"U| 0.4 7., 6.4 1.0 22.ftt4.5
(V. pal *.9 3,j 1.2 0.6 — 10.2±l .0
«>. fta) 41

|
3.0 1.2 0. 3

— S.6il .7
IV. /><) 1.6 1 2.9 3.0 1 .9 9.4±l -2

(V, "He1
)

1

19 0.8 1.9 5.6+7;

'Only the nautical errors are indicated here.

FIG. 1. (a) Cross sections of reaction ( I ) (full line) and sum of th*;

cross sections of reactions ( 1 ) and (2) (dashed line); (b) Cross section

reaction (3); (c) Cross section of reaction (4); (d) Sum of the cross sec-

tions of reactions (5) and (6). Cross sections were
computed with the assumption that the
final nuclei were generated in the ground
state.

0 SO ZO iso 0 SO 1 10 ISO

FIG. 9 Angular distributions

of nucleons: a: reaction ( 1 ), b:

reaction (2).

FIG. 1 0. Angular distributions: a: of nucleons and a particles in the
reactions (3) and (4), b: of protons and tritons in reaction (5).
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Phys. Rev. Letters _20, 1182 (1968)

EL £M. SYM.

12

METHOD REF. NO.

68 Wu 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX THR - 4D C 20-40 TOF-D 2-25 90

'X

FIG. 1. The observed C l2
(y, n^Cn differential cross

section at SO* compared with the C^y.poiB 11 data de-
duced from detailed balance analyses using the BM (p,

yo)C
12 results of Allas et al. (Ref. 11) up to 28 MeV

and Brassard, Scholz, and Bromley (Ref. 12) above

28 MeV. The ratio of the amplitudes a
0/a, is shown

for penetration factors corresponding to l = 0 and l = 2

particle emission. The cross-hatched region indi-

cates the error due to statistics: The absolute C l2
(y,

nJC 11 cross section has a systematic uncertainty of

20 % which is not included in the above diagrams.
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Yad. Fiz. % 921 (1969)
Sov- J. Nuc 1
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Phvs
. 9i ^ 1969)

12

METHOD REF, NO.

69 An 5 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

G.P ABY 113-999 C 400-999 MAG-D 97,340 30

G.D ABY 219-999 C 400-999 ' MAG-D 194 30

999 = 1 .L GEY

Excitation functions: cases a, b - for protons with energies 97 and
340 McV, respectively, c - for deuterons with energy 1 94 MeV, at an
l.s. angle 30*.

?osm NQS-413
(R£V, 7-1 4.44)
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METHOD

Kuzmenko

,

elem. SYM. a

C

REF. NO.

12

69 An 6 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABY 114-999 C 700,999 TEL-D 97-230 DST

G,D ABY 116-999 C 700,999 TEL-D 97-205 DST

3?9 = 1.2 GEV

Summary

The cross-sections of the (y, p) (y. d) reactions were investigated. LiT. Be*. C*f. Si".

Mo94 and Ta 141 targets were irradiated with the bremsstrahiung of 700 and 1-00 Mev

maximum energy from the Kharkov PhTI Ac. Sci UkrSSR > ine^c«'"ito

n̂f
crotons and deuterons were detected by the scintillation telescope at 30 . 60 .

and 1-0

with the beam. Possible mechanisms of the proton and deuteron pnotoproduction are dis-

cussed. The qualitative agreement of A dependence of the cross-sections is observed with

a suggestion on the meson mechanism for these reactions.

0*3 t

osmo'l
' 10 E.'tMH't

*?•

• ® •

5

3
^*

•

3 *

£ *

ck_ ?
*

06 > ,»J*

iaaTa "OTIi
,a

- •

UOOHti

S3 103 ISO

Phc. 1. 3ajie«HiCTb neoepUy [y, p)-peaKUi! afa A: a— d-30 ,
£,-97 Afe«; 6 — £,-

-205 .Mea; a — d-60*. £,-230 Mea; t— £,-157 Mea (X— JtaHi [3]); <J— <J-I20,

O_£,,-.|20 Mea. ^— £,-157 Mea. B— £,-230 Mea. AdcomoTHe 3Ha«ieHHii nepepiay

naae^eHO npw eHepril nooTOHio £**»i20 Me&. Ihiui jaHi HOpMOBani jxo nepcpi3y mift Li

npn £,— 120 Mea.

Phc. 2. 3aJie>KHicTb nepepi3y (y. d)-peanuii nia NZ!A: a — 6-30, £,

-30*. £,-205 Mea; a: A — 0-60°, £,-97 Mco , O — 6-120, £,-
HaBcaeiii b oAiiHiiunx 10_1J cuVcrep • Mea • Q).

-97 Mea; d — 6-
97 Mea (nepepba

roBM MBS-, 13
(R EV . 7.1 4-«4l
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I. I. Miroshnichenko, P. V. Sorokin
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METHOD REF. NO.

69 An 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

l) E,P ABX THR-999 G 400-999 MAG-D DST

2) E.D ABX THR-999 C 400-999 MAG-D DST

3) E.T ABX THR-999 C 400-999 MAG-D DST

a<aaP 1) 999 = 1 GEV, REL P/D

2) 1.3 GEV, REL P/D, D/T

3) 999 = 1 GEV, REL D/T

Pile. 6. nopiuHHHim eKCiiepiiMeiiTajikimx

ClirKtpiB .ICl'lTpOHIU 3 poapaXVHKOUItMH

'll] ,i.in C”. £<> — 700 Mca: O — npo-

TOMH, W = G0*. B — lipOTOIIM, B=I20*;

Q — iCHTpOIIH, — GO*, — jlCHTpOtlH,

e- 120
*

The differential cross-sections of (y. p), (y, d) and (y. t) reactions on carbon for
TOO and 1200 MeV maximum energies of photons and energy distributions of the secon-
dary particles were measured at 30, GO and 120* of particle emission angles. Excitation
.cnctiun (or protons wilh the- energy of 97 MeV is given for the maximum incident photon
. r.ergy from 400 to 1300 MeV. Deutcron to proton and triton to deuteron yield ratios for
jrious nuclei arc also shown.

Experiment was carried out at the Kharkov linear accelerator. The particles were
Crti-vlid by scintillation counters after a magnetic spectrometer.

Possible mechanisms ' of the high energy photon-nuclei Interactions are discussed
iti Figs)

.

T a 6 a h u a 2

& tto sea wt m m sot

e» 1

d’od{2p> //•<jpUi»
|

1 SLUff / iUdP 1

l0<
L AOdo / rutp j

U» 60 1,94±0,19 2, 1 ±0.3

120 0.8±0,08 0.9 + 0,13

C'» 60 2,2±0.2 1.3±0.3

120 — —
Tam

60 3,1 ±0,3 2, 8±0,4

120 l.89±0.2 1.85+0,28

Put 1 Te c3Me, mo na pnc. 2 np«
£<,-1200 ,We«..

» El I

Pmc. 2. EnepreTHiMa sanexcnicru

nepepiaia peaxuiA (yv p). (y, d),

(y, t) »a «api C 1 * npn- uaKCMManb-
mfi eHeprii cpOTOHia £«— 700 Mea
(O npOTOIIH, A — XeHTpOHH,

TpHTOHH).
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G. Baciu, D. Catana, C. Deberth, C. ILiescu and B. Cirstoiu
Z. Physik 227, 336 ( 1969)

CL C.M. sfM. A

12

METHOD REF. NO.

69 Ba 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN ABX L9-25 C 19-25 BF3-I 4PI

Fig. 1. a) Our experimental results for the C' 2
(y, n) Ctl cross section; b) theoretical

results of Drechsel et ai.; c— 0 theoretical results of Kamimuia el al. in the case of
the forces I, II, in and IV, respectively
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N. Bezic, D. Brajnik, D. Jamnik and G, Kernel
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method REF. NO.

69 3e 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MU-T ABX 10-30 c 35 MGC-D 10-30 4PI

'O » T

20 :-

mb I

? lY. total)

(Y. ?o

)

— (V.n )

10 15 20 25 30 MeV 35

Fig. 1. The nuclear part of the photo-absorption cross section for l,C compared to a(y, p0 ) (ob-

tained by detail balance from the inverse reaction; and cf(y, n) from refs.
“- 1 *). The estimated error

of the position of the zero line is — 0.7 mb.

Table 1

Weighted energy-integrated total photonuclear cross sections

O'lot

(mb • MeV)
^.nt O-l

(mb)
O-l o~,

(mb • MeV-1
)

O-i

60(NZIA)
fmb • MeV)

0.30A* mb 3.5 At

f/tb MeV" 1

)

l:C 133 — 13 0.74=0.07 5.4=0.

6

0.65-0.07 0.23-0.03 1.04-0.15
l4N 195— 37 0.93=0.08 8.4=1.

7

0.83=0.20 0.36-0.08 1.2S-0.29
"O 171-17 0.71 =0.07 7.2 =0.8 0.60-0.07 0.31 -0.04 0.87-0.11
“F 271 = 50 0.94=0.17 14.1 =2.7 0.82=0.19 0.74-0.17 1.60-0.35
“Si 360— 30 0.86=0.07 17.5= 1.7 0.68-0.07 0.83-0.10 0.93-0.11
«Ca 580— 60 0.96=0.10 29 =3 0.71=0.08 1.5 =0.2 0.92=0.12

The interval of integration is 10-30 MeV.

*“R.G. Allas, S.S. Hanna, L. Mever-
Schiitzmeister and R. Segel, Nucl.Phvs.

i3 (1964) 122.

'’G. Kernel and W.M. Mason, Nucl.Phys.
A 12; (1969) 205.
*“S.C. Fultz, J.T. Caldwell, B.L. 3erman,
R.L. Branblett and R.R. Harvey, Phys. Rev.
1-3 (1966) 790.
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Contributions Montreal Conference 138 ( 1969 )
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REF. NO.

69 Be 5

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

type range TYPE RANGE

E.E/ FMF 20- ISO D 200-300 MAG-D 180-300 60

DIFFUSION CUASI-ELASTIQUE 0 'ELECTRONS DE HAUTE ENERGIE

SUR IE CARBONE

J. BERTHOT, P.Y. BERTIN, J GIPAPOEAU-'HQNT AUT gt 0.3. ISABELLE , Laooratoire ce Physique

NuclSalre. F.63 - CLERHONT-FERRANO.

La diffusion quasi-e last ique des electrons sur les noyaux cermet d’ootenir directement des

informations sur les fcnctions de correlation des nucleons dans les noyau* 1). La methode

d’analyse la plus simple, a savoir la mesure de regies de somme. s’est revelee ceu fructueuse,

car ces quantites sont dominees par les effets de correlation a longue portee (Pauli).

Toutefois. 1 'etude de la forme du spectre en energie des electrons diffuses devrait nous

permettre d'adtenir des informations plus detaillees.

C’est pourauoi nous avons effectue auores de 1 * Accelerateur Lin^aire d'Orsay, one nerie

de mesuras a tritransfert de quant ite ce mouvement q et a angle de diffusion 6 constants, ce

qui imoliqua une variation de 1'energic .ncicente en fonction ce 1’energie q
* axcitat icn . Nous

avons choisi 9 = 50° et q = 190, 25C et 300 .'ieV/c.

Les corrections raoiatives f 1 ) qu’il cst necessaire d'aopliquer a toute experience ae

diffusion d'electrons cnt ete effectuiiec -r^ce a un programme de deconvolution. Aucun modele

nucleaire n'est .ntrcouit dans cette analyse qui n'utilise qua les resuitats experimentaux

obtenus par des ^esures complementaires eff^ctuees a energie incidence et angle de diffusion

constants.

Nous avons compare (Figure 1) nos spectres experimentaux avec c-uux calcuies thcoriquement

par Oe Forest (2). Celui-ci a utilise un module en couche dour decrire les nuc.ecns a 1
' in-

t6riaur cu noyau et une ^oncticn d'onde da 1
’ oscil lateur harmonique pour renGre compta :e la

distorsion de l'onde du nucleon sortant. Nous avons ccnspate, dans toua les cas mes^i :s, un

bon accord entre l’exoerience et la theorie en ce qui concerns le maximum cu cic s-u= . -alast ique

t ant en position, qu'en / a i =u r absolue

oe la section efficace.

Cans la qartie tecrc is -ante du

spectre quasi-elastlcue, -ous avcns

canstate un accora satisfaisant entre

les valeurs cravues par la theorie et

tailes ccser.-ies . nnentalement

.

Ceoenaant
, .:e /or.s remarcuer cue,

tandis cue . 3 *p- t treorioua prevoit

une decrc-ssar.ee monotone, les spectres

experiment 3ux qresencent cans cette

region, au moins aeux 6oaulement. Pour

.es spectres consioeres, la position

en Energie de chaaue epaulements. d6ter-

minee a 5 lev ores, est la xgme. Si nous choislssons comma cere la vaieur ae 1* energie cs
7

recul gu nucleon libre (q /2fl), nous trouvens qua cour le premier ecaulament u* * 45 naV , tancis

due pour le secona u* = 75 iheV.

La presence ce ces epaulements pourrait s'exolicuer par l'existence d‘ef*ets oe ccrrelacip.*

a courte oartse entre les nucleons cans les noyaux (effet quasi-ceutcn par exempl 9 ). Toutefois,

pour pouvoir realiser une analyse suffisamment precise, reus aevrers effectuer ass mesures

comoiementaires , a ces transferts ce quantite de mouvement identicues mais pour ces ang.as

oe diffusion diff^rents. Ce orograrrme est actuellement er court.

1) O.B. ISABElLE : Rene. Scuola Intern, ai Fi3ica E. Fermi, Corea XXXVIII. p. 392 C 1367

)

2J T. CE FOREST : to be ouolisr.ea.
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METHOO REF NO.

69 Ca 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPS RINGS type range

G ^C ABX 70-27 D 32 TEL-D 0-13 DST

(31-5) (.32-12.3)

3ta

ior

i
. i i 1 <— 1 >

20 21 22 23 24 2S 26 27 26 29

Excitation energy (MeV)

Fig. 3.—Differential cross section at 90° for llC(y. po/u B.

A 0

«1

H

a2

ir

0*4
J*

L

dj o—
-0-4 L

1

20
-J-
21

I

-l. i — ; 1, ,i i M l . i

22 23 24 25 26 27

Excitation energy (MeV)

Fig. 4.—Angular distribution coefficients.
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H. G. De Carvalho, V. Di Napoli, D. Margadonna and F. Salvetti
and K. Tesch

Nucl. Phys. A126 . 505 (1969)

i
ELEM. SVM. A
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METHOO REF. NO.

69 De 1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-999 C 1-6 ACT- I API

(1.0-5. 5)

Yield per equivalent quantum. 9Q9= 5.5 GEV

5

5

a L

B

2

1

C
'2

( Y, n

)

DE5Y

o Frascati

. Masaike

Estimates

' WGeV] 10

Fig. 1. Cross sections per equivalent quantum for (y , n) reactions as a function of the maximum
bremsstrahlung energy. A straight line is adjusted to the experimental points by means of a least-
squares fit. The indicated errors are due to the y-ray spectroscopy. The dashed line gives the result

of simple estimates.
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69 De 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX 19-260 C 260 ACT-

1

DST

Cll RECOIL DS'

FIG. I Angular distributions of the C 1

1

recod nuclei for different
values of the maximum energy. The yield of the recoU nuclei in relative

units is plotted against the angle of the recod in the laboratory system,
a) Energy of the record nuclei higher than 2.27 MeV; the solid and dashed
lines are calculated with the help of the expression ( 1 ) for a “thick” and a
"thin" target and for an excitation energy E,exc * 30 MeV of the final nu-
cleusC" . b) Energy of the recoil nuclei higher than 1 .37 MeV (’Thick” tar-

get ). The solid One was calculated using expression ( 1 ). In the energy range
63 MeV < E~ < 75 MeV the excitations energies of the C 1

1

nuclei of
Eiexc 3 25, 28, 30 MeV correspond to the curves I. II, and III, re-
spectively. In the energy range of they rays from 75 MeV to 260 MeV
the excitation energy is Ej exc = 30 MeV c) Energy of the recod nuclei
higher than 0.4 MeV (“thick" target). The calculations were performed
for the following values of the excitation energy ofC 1 and energy ranges of
the y rays: for E7 from Eythr to 63 MeV, Ejexc 3 20, 22. 25 MeV
(curves I, II, and III); for Ey from 63 to 75 MeV, Ejexc = 28 MeV; and
for Ey from 75 MeV to 260 MeV, E iexc = 30 MeV. d) Energy of the re-
cod nuclei higher than 0. 1 2 MeV (“thick” target). It was assumed m the
calculations that the excitation energy of C' 1

in the energy range of Ey
from Eythr to 50 MeV is E„ exc = 18, 20, 22 MeV (curves I. II, III); for
Ey from 50 MeV to 63 MeV, E 3 exc 3 22 MeV; for Ey from 63 MeV to
75 MeV, E,exc = 28 MeV; and for Ey from 75 MeV to 260 MeV,
Eiexc 3 30 MeV. e) Energy of the recod nuclei higher than 0.0 1 MeV
(“thick" target). The theoretical curves were calculated with the follow-
ing assumptions made about the excitation energy of C 1

1

: for Ey from
Evthr to 38 MeV, Eiexc 3 5 and 10 MeV (curves I and II); for Ey from
38 MeV to 50 MeV. E4eXc 3 20 MeV ; for Ey from 50 MeV to 63 MeV,
Eiexc 3 22 MeV; for Ey from 63 MeV to 75 MeV. E, eXc 3 28 MeV; for
Ey from 75 MeV to 260 MeV, E, eXc 3 30 MeV. f) Energy of the recod
nuclei higher than 0.01 MeV. The experimental data for the “thick”
target are shown. The calculation were earned out using expression
(11 fora "thick" target (solid line) and “thin” target (dashed line). In
both cases the excitation energy of C 1

1

in the range from Eythr to
38 MeV is E5exc 3 5 MeV, in the other ranges it is the same as for
Fig. le.

FIG. 2. The excitation energy Eexc of
vs. y-ray energy.
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S. V. Dementii. N. G. Aranas' ev, I. M. Arkatov, V. G. Vlasenko,
V. A. Gol'dshtein and E. L. Kuplennikov
Yad. Fiz. 2, 241 (1969)
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METHOD REF. NO.

69 De 6 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ AEX 300 D 530-968 MAG- D DST

£, an 2rM«V-w

1 sr

j

jtr

/ / ;

1

c r
/is

///• 1

_L w sao sst sot </ss ssa ssa tar ssa

Stt SSt SOS SSt *S0 ist Stt SSO

S'. M«V

i, H/iS'sa. oaJ/M«V-«

fifJ/L

j
FIG. 3. Spectra of electrons

’ ’•

with energy 580 (a), 805 (b), and
JS3 its SSO SOi SSO 968 MeV (c) scattered by carbon.

On the first two plots of Fig. ja.

the "elastic" peaics and the cor-

responding experimental points

are shown in a reduced scale; in

these cases, the corresponding

“radiative tails" in the normal

scale are shown to the left of the

"elastic" peues. Curves 1. 3. la.

and lb are explained in the text.

urMp

St’ Stt 70J set SBO SOJ 70S jjg
s; m«v

sat 7l’J !tt
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FIG. 2. Typical experimental yield curve* measured at 580 MeV and

43*. C — results of measurement* on carnon, X — results of difference

experiment (CH 2 - C”). A - background due to positively charged

particles.

I. (cont’d)
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METHOO REF. NO.

69 Gu 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-35 D 115,200 MAG-D 30-200 DST

.13 - a

!\
aJ

FIG. 1. Spectra of inelastically scattered electrons with excitation of giant resonance in C 12
. measured at initial electroi. energy 200 MeV and at

different momenta transferred to the nucleus: a-d = 30°, q = 68.8 MeV/c; b-d = 30°, q = 99.7 MeV/c: c-d = 40°, q = 130.3 MeV/c: d-d = 50°, q =
160.4 MeV/c; e-d = 60°, q = 189. 1 MeV/c; f-d = 70°, q = 318.9 MeV/c. The abscissas represent the excitation energy e throughout.

FIG. 3. Spectra of inelastically scattered electrons with excitation
of giant resonance in C‘ 2

,
measured at initial electron energy 1 I 5 MeV,

i e.. with a better energy resolution: a-d = 3S°, q = 66.3 MeV/c; b-d =
= 75° 30'. q = 1 39.5 MeV/c. The abscissas represent the excitation en-
ergy e. The reason for the energy shift between the maxima of the two
spectra has not been established. over

»R £V. 7- l Am a*)
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a u '.a i.S i.Oq.r'

FIG. 3. Dependence of the form factor of the level with excitation

energy 16.1 MeV of the C 12 nucleus (X = 2) on the momentum transfer.

Points: O - total form factor; O - contribution from the level with ex-

citation energy 15.1 MeV subtracted; X - data obtained at Orsay [
J ,3

]

for the 1 6. 1 MeV level. Explanations of the theoretical curves 1 and 2

are given in the text.

FIG. 4. Dependence of the quantity Z 2F 2 [4x(A 3
/2q

2 + tan 2
(0/2))P

of the giant resonance on the momentum transfer. Points: O - our data,

A - photon point (integration limits from 20 to 26 MeV) [*]
; A - photon

point (integration limits from 1 2 to 35 MeV [

,J
] ; X - photon point ob-

tained in the study of the partiai reaction (

14
] ; upper limit of integration

35 MeV, Q - data obtained in 180° scattering of the electrons: • - value

predicted from the sum rules. The curves are explained in the text.

S6
,

a»2

cn w

FIG. S. Coulomb form factor of the giant resonance vs. the mo-

mentum transfer. Curves I and 2 — calculation by Goldhaber-Teller

and Brown models. On the upper nght is shown the dependence of

the excitation cross section of the giant resonance on the scattering

angle.
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REF. NO.

69 Ke 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 28-37 D 13-21 NAI-D 20-38 DST
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Fig. 7. The total cross section A, and coefficients A‘-m-/A, obtained from fitting the 24 cm x 30 cm
NalCTI) angular distribution data to the series 1K(0) = Z\0 A,P t (cos 0) and transforming to the

centrc-of-mass reference frame.
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 8. The total cross section A, and coefficients A^lA* and calculated from the

gamma-ray yields at 45°, 90° and 135*.
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69 Ma ear

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 36-80 C 50-30 TEL-D 20-70 45

Table 1

Parameters of the resonant eross seetions for JE, = 2.3 MeV

(MeV) (.MeV)

-1£«

(MeV)
d<7R d.OO'b • sr" 1

)

31.3 49.5 6 152- 9

33.6' 50.5 7 134- 9

35.9 54.5 6 124-11

38.2 58.0 7 113 = 9

aO.

5

60.0 6 99-8
-2.8 62.0 6 76 — 7

4-5.

1

65.0 6 74-7
47.4 67.5 7 62-6
49.7 69.5 6 57- 6

52.0 72.5 7 4-6—6

54.3 75.5 6 44— 7

56.6 77.0

all -1.2 all -1.5 all - 1.5

O' I
'
——

>

20 -0 60

Proven energy (MeV)

Fig. 6. The energy of the observed resonances versus the energy of the detected proton. The straight

lines represent the kincmaticai relation, as described in the text.

MeV

i

Fia. 4-. The proton spectrum derived from the

data of ng. 2.

over
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Fig. 5. Proton yields and cross sections at ^5', relative to proton energy intervals J£, = 2.3 MeV.
The solid lines in the yields are a smoothing by eye of the experimental values. The cross sections

have been derived from the smooth curves using the Penfold and Leiss
20

) unfolding procedure.

The errors shown are statistical.

• Perrer and Leiss

• Whiteread et al

0.1U a present exoerrr.ert

Fig. 7. Comparison between the integrated cross section below the resonances, normalized to uni-

tary proton energy interval, and the theoretical value for the Ip protons using the momentum

distributions of fig. 3. Also shown are the ground state cross sections measured from Penner ar.u

Leiss
13

) and a point from Whitehead et al.
i:

).

12
C. Whitehead. W. R.

Phvs. Rev. I 10 (1953)
"~>

S. Penner and J. E.
3

3

A. S. Penfold and J

McMurray
,

M. J. Aitken, N. Middlemas and

1130
Leiss, Phvs. Rev. 1 id. (1959) 1101

. E. Leiss, Phys. Rev. lid. ( 1959; 1352

C. Collie,
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EL EM. S YM.
j
A

D. G. Owen and B. M. Spicer
Phys. Letters 3CB , 242 (1969) 12

method REF. NO.

69 Ow 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G,NA . ABX 26-31 c 26-31 ACT-

I

4PI

Jib

U
C (T,n«.i

7

B€

»j-

sL

L a

I

w
L ^

I

r
L

25 3S* 27 23 23 30 5
£ t vMcVi

Fig. 1. Cross section to 31 MeV of the l-Cfy.na)7 Be
reaction.
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G. G. Taran
Yad. Fiz. 10, 211 (1969)
Sov. J. Nucl. Phys. 10, 119 (1970)

ELEM. SYM. . 4

12

REF. NO.

69 Ta 1 ear

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTCR
ANGLE

TYPE RANGE TYPE RANGE

G.XXX ABX 16-60 C 170 CCH-D LSI

G.P 3«T ABX 16-60 C 170 CCH-D DST

Table I. Coefficients of angular distributions of

nucleons in certain partial channels of

photodisintegration of carbon

XXX= CHARGED PARTICLES
<1 7

Type of reaction «*,

1

- a«

1

(:. p)
I

t —0.2 ±0.2 1
—0 .7*0.2 i

—O.l ±0.3
(T. pn)

;

1 i
—0,0*0.

2

;

—0.3±0.3 1 —0.0*0.

4

(7. ?*'• '1

r (7
.
?i)

|

t

!

1 -r«0.3±0.3
I

—0.0 *0.3
;

-o.i ±o. \

~r \7* 2p) j| 1 i

Table II. Integral cross sections of partial reactions of

the photodisintegration of carbon in the energy region

31-37 MeV (only statistical errors are indicated)

Ir.'.rgru cron section
j

1 r.._ 'L cro<* *ect;on

Typ-e of reaction 1
Typo of reaction

{

MeV*mb
|

*•
|

: MeV-mb '

(r. p)
1 0.n-i.3

i
,n*6

(Tt *) *
|

6.5— 1.0
J

13—5
;7. pn)

;
5. •'5*1.0 : 20.6—4.5

(7. px) — (7.«)|3.3=0.5
I

12-2.5

i!(7.*) + (T.»H.*)!1.5±-$ S.TtJ-J

||
(T. 2p)

I
0.S ‘ 2.2

:] (7. He 3

)
j

0.59 I 3

li i I

•Estimated from the cron section of the reaction (7, p).

FIG. !. Summary effective cress section of : !

0

reactions (7 .
p).

(7 ,
?n), (7 ,

pn), (7, 2 pr.). (7, 2 p\ .7, pa). (7, i-.a), (7, pt', v 7 ,
c.He J

.

and ( 7 ,
Ho 3

). The deshed lines shows the cross see:. on of the reaeticn

(7. P).

e
), Set

FIG. 3. Angular distribution of photoprotons in different partial
channels in the photon energy region 33-37 MeV.

FIG. 3. Spectrum of photo-

protons from carbon in the photon

energy region E.. 3 33-37 MeV.

Figure 2 shows the spectrum of the phctoprotor.s

emitted by carbon after absorbing photons with energy
32-37 MeV (obtained from the data on the reactions

(y, p), <y, pn), (y, pa), (y, pt), ar.d (y, 2p) under the ss-

sumption that the final nuclei are produced in the ground
state). The spectrum consists of two components— soft

(maximum at Ep = 4 MeV) and hard (Ep = 13-19 MeV).
The main contribution to the soft component is made by

protons from the reaction (y, pn;, while the hard com-
ponent is representec exclusively by protons from me
reaction (y, p).

oas'mfn"

:

L 3U=»EAuOP S T
2, y m £ = C
ANlA 3 !

-

“O pm N BS-** 18
iflEV. 7-14-64)
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REF _
Yu. I. Titov, E.V. Stepula, R.V. Akhmerov, S.A. Byvaiin,

N.F. Severin, E.M. Smelov, L.D. Yaroshevskii
Yad. Fiz. 1326 (1969)
Sov. J. Nucl. Phys. 2? 772 (1969)

EL EM. SYM.
|
A

12

RE C
. NO.

69 Ti 2 hmg

REACTION RESULT EXCITATION SOURCE DETECTOR

ENERGY type range TYPE RANGE
ANGLE

E.E/ ABX 0-700 D 999 MAG-D 25

Second peak interpreted as pion production, 99° = 1 . 12b GEY

;SJ ill ijJ :M'J
‘ < .

M«V

FIG. I. Cross section for inelastic scattering by C IJ
at an angle of 25°C

for an initial electron energy of 1 126 MeV. Solid curve-quasielastic scat-

tering cross section.
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REF.

Y. Torizuka, M. Oyamada, K. Nakahara,
T. Terasawa, K. Itoh, A. Yamaguchi

,

Phys. Rev. Letters 22, 544 (1969)

method

K.

M.

Sugiyama,
Kimura

Y. Kojima,
ELEM. SYM.

12

REF. NO.

69 To 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

E.E/ FMF ii D 183,250 MAG-D 150-250 DST

11=10 .3 HEV

-3t

120 100 80 SO to
CHANNEL NUMBER

20

r

3

|
! S
i a

(b)

"""F

(» 5<

1 20 00 80 SO 40
CHANNEL NUMBER

20

FIG. 1. Knergy spccLra of scattered electrons.
>a) Carl)on, E ,

- 250 McV,0=85'’. The dashed lines are
assumed to reproduce the 4.43-McV peak shape for the
9.63-McV peak, (b) Beryllium oxide, £

0 = 183 MeV.O
= 73’. The crosses indicate the energy spectrum ob-
tained for beryllium target. The 7-MeV peak was de-
composed into two components by using shapes of other
peaks.

over
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id

IFI
2

id

i

(a)

*4. 4
o * '

I 9 -

• E.* I 83 MeV
O 2 5 OMeV
- I*;T-I(RP.A)

B - 1.64 F

' ZO
q (f—

)

r

I-

J
10 r

u
L

I

[L

• E.- i 83 MeV

o 250 MeV

“
:

l*;T-0 (x3)
"

!'.T-I (XIO) ]

B-2.0F j

0 10 2.0

q (
F-*

)

FIG. 2. Experimental and theoretical form factors squared, (a) The lO.o-MeV (1~;T = 0) level of l2C and (b) the

7.12-MeV ( 1 ;
7* =0) level of

loO. The dashed and solid curves in (b) are theoretical Coulomb and sum of Coulomb
and transverse form factors for £

0
= 183 MeV, respectively, which have been calculated by Seaborn and Eisenberg

(Ref. 2) in the lp-lh model. They are multiplied by 3 in the figure. The dotted curves are £1 AT = 1 form factors

calculated using random-phase-approximation wave functions of Gillet and N. Vinh Mau [Nucl. Phys. 54_, 321 (1964)1
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Y. Torizuka, A. Yamagucni. K. Nakahara, M. Oyamada, T. Terasawa,

K. Itoh, Y. Kojima and M. Kimura
Ehys. Rev. 188

,
1745 (1969)

. EM. S YM. A

12

methoo REF. NO.

69 To 4 hmg

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 13-39 D 177,250 MAG-D 138-232 DST

(6)250Mev 60'

!6h ,

A/:\J s

f v r
v V

-.n
i- i

'
• i

.§ i-

-s j-

. (C)25CM«V acr

A
1

I

V j,|

0.61-

Q5J>
(D) 1 77 MtV 133*

0 .4 L lx-

Fig. 1. The spectra : A), B), (C), and (D1 correspond to the
cross sections at 35° 250 MeVI, 60° '250 MeV), 30°

, 250 MeV)
and 135 ( 1 / 7.6 MeV), respectively. The solid curve in A) is
the ‘ :C (y,_n i “C cross section reported by Cook et dl. Phys.
Rev. 143, .24 C1966). Our calculated cross sections tor the 1“
states, and those calculated by Kelly et dl. Ret. 91 lor the 2~
states, usinj; the wave functions ot’the KIA model Ret. 11)
are shown in the spectra with solid lines for the 1“ states and
dotted lines for the 2“ states.

The unfolded spectra of the scattered electrons with

initial electron energy of 230 MeV at 35° (A)
,
60® (B)

,

and S0° (C) are displayed in Fig. 1. The scales on the

right-hand side indicate the e.\-perimental cross section.

The spectrum (D) corresponding to the incident energy

of 177 MeV at an angle of 135® was not unfolded. The

' F . J. Kelly and H. U’oerall, Phys. Rev. 175 . 1235 (1963).
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REF. EL EM. SYM. ,
A

G. J. Vanpraet and P. Kossanyi

Z. Physik 222, 455 (1969) 12

REF. NO.

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 13-22 D 50-70 MAG-D 23-70 120

Table. Data from lIC (e, e'J at ISO
° 15 . 1, 19.2 MEV

Levels (MeV)
(±0.25 MeV)

</(MeV.c) Inelastic

cross section

(10“ j: cm-,sr)

i <iin?)!i>i
z

x 10 _J

15.1 S5 2.00 tO.73 ± 0.0S)

115 1.75 (1.14 ±0.12)

125 1.62 (1. 23 ±0.12)

19.2 SI 1.41 1.0. 56 ± 0.09)

111 2.40 (1 .57 ± 0. 16)

121 2.58 ( 1 .SO ±0.13)

f

,JC =,= 5CVeV

[
9 --'60°

T

l i

x c.5 r

rt-

!

S . s
t/>

8
0

-t L.

*C c,=7CVW
0 :!8O° r

•if. it*
I rt !,T it

*
. r ,1 S' T*

! ‘I rf%t *{t

{ : ;i

l

: u*

rig. 2 Fig. 3

Fig. 2. The experimental values of the reduced transition prohabiiitv /?.,,( I ‘—O')
for ’-C show n .is a function of the square of the momentum transfer. The theoretical

curves are obtained for two different seines of the harmonic escalator parameter o

They arc taken from Ref. :0 after requiring to go through the photon point corre-

sponding with a value of '?.M (0) = 0.93 t Ref. - 1

)

Fig. 3. The quantity ; /2
-

;:r.'
f

f,.') 0
_
> for the 20.76 MeV 2“. T- 1 state in

; -C
and the experimental results for the peak observed at 19.2 MeV. Tire dashed carve

represents 50% of the calculated strength in the particle-hole model

E<c tat -on Energy ;Vev)

Fig. !. Cross section for inelastic scattering of 50 and *0 Nick elect r. • :> at : ;u

carbon, plotted as a function of the excitation energy

r
'V ”

A SHEET 252
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J. Ahrens, H. Borchert, K. -H. Csock, D. Mehlig and 3. Ziegler

Phys. Letters 21B, 570 (1970)
REF. EL EM. SYM.

12

REF. NO.

70 Ah 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G,G ABX 15-80 C 108 NAI-D 5-75 135

Pig. 1. Pulse height distribution for 12q and 1°0. The
simultaneously measurea neutron background distribu-
tion is subtracted. The 15.11 MeV line in the oxygen
distribution is the deexcitation of the 15.11 MeV level
in 12c, populated by loOfy.a )12c (7], Lines below
10 MeV are y-transitions in the daughter nuclei fol-
lowing (y, n) or (y,p) reactions. The heavy is cal-
culated with the assumptions given in the text and with
resonance parameters adjusted to give a good fit to the

measured distribution.

Pig. 2. ihe full line is the total absorption cross sec-
tion <7.

ot calculated from the- imaginary part of the scat-
tering amplitude. The points are taken from total ab-
sorption measurements [3]. Since particle threshold
effects are not built into the scattering amplitude, agree-
ment between the calculated and measured cross section

cannot be expected in the threshold regions.

Table 1

Resonance energies (MeV) for the elements investigated.

Carbon 22.5 i 0.3 25.3 = 0.4 29.5 = 0.5 45 =3
Oxygen 22.5 i 0.3 25.2 = 0.3 31.3 = 0.6 50 =3
Magnesium 10.3 i 0.3 19.1=0.3 24.7=0.5 34 =2
Silicon 17.3 = 0.3 19.3=0.3 21.2 = 0.4 28.5 = 1.0
Calcium 19.5 i 0.3 24.4 = 0.5 35 =2
Silver 15.3 = 0.3

IJ.S. 3E a MRTMENT OF COMMERCE
NATIONAL 3VJREAUOF STANOAROS

PORM NBS~4l8
IREV. 7-1 4-04>
U3COMM.OC 20 0 1 0* P94 PHQTONUCLEAR DATA SHEET 253



REF
- P. Antony- Spies, P. P. Delsanto, E. Spamer, A. Goldraann and

0. Titze
Phys. Letters 3 IB . 632 (1970)

i ELEM. SYM. A

12

REP. NO.

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 16-30 D 55 MAG-D 25-40 141

r ig. 2. Differential cross section for eiectroexcitation

of plotted against excitation energy, (a) Contribu-

tions of the various multipoles to the cross section.

(b) Total theoretical cross section (negative parity

states) folded with an experimental resolution of 0.2

MeV. (c) Experimental cross section.

posm N 3S-* 18
m ev. 1 A-«4»
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- Yu. P. Antuf'ev, V. L. Agranovich, V, G. Ganenko, V. S. Kuz'menko,

I. I. Miroshnichenko, and P. V. Sorokin
Yad. Fiz. 12, 1143 (1970); Sov. J. Nucl. Phys. 12, 627 (1971)

EL EM. SYM.

12

METHOD REF. NO.

70 An 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P RLY 96-999 G 620,999 TEL-D 80-265 DST

999 = 1140 mEv

FIG. !. Angular distributions of protons with energies of 80, 160,

and 285 MeV produced from C' 1
, A1

J7
, Ni

3
’, and Ta 1M nuclei by pho

tons with maximum energy 1 140 MeV. Only the statistical errors are

shown.

FIG. 2. Angular distributions of
80-MeV protons ( normalized at S *
40° ( the solid circle) for C' J (O) and
Ta“'(X). E7max = 1140 MeV.

FIG. 3 FIG. 4

FIG. 3. Total cross section for proton production per nucleon.

^7 max
=

1 140 MeV. Dashed curve- theory from ref. I 1.

FIG. 4. Total cross section for proton production from C 11
as a

function of E-, max . Dashed curve-total cross section of photomesonic
reactions, solid curve-sum of total cross sections for photomesonic
reactions and the deuteron photodisintegration reaction.

11
K. S. Kolbig and 3. Margolis, Nucl. Phys. B6

, 85 (1968).
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REF. S.V. Dementii, N.G. Afanas'ev, I.M. Arkatov, V.G. Vlasenko, |elem. sym. |a

V.A. Gol'dshcein, and E.L. Kuplennikov

Yad. Fiz. 11, 19 (1970)
j c

Sov. J. Nucl. Phys. 11 . 10 (1970)

method re c
. no.

i

70 De 1 I hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE PANGS TYPE RANGE

e.e/ ABX 400-999 D 690-999 MAG- D DST

(400-1115) (690-1115)

-'00=1115 me:

FIG. 1 Cross section for scattering of hOO-
MeV electrons by C' 2

nuclei as a function of
the energy E' for various scattering angles.

Curves I, 2. 3 have been calculated respect-
ively from Eqs. (1), (IS), and ( 14).



FIG. 3. Cross sections for scattering of

1 1 15-MeV electrons by C i: nuclei as a function

of the energy E' for various scattering angles.

Curves 1 -3 have been calculated as in Fig. 1

.
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Gunnar Hylten
Nucl. Phys. A158, 225 (1970)

EL EM. SYM.
I
A

12

,
z

REF. NO.

70 Hy 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Type range TYPE RANGE

G,N ABX 200-999 G 100-999 ACT -I 4 PI

999 = 1050 MEV

YIELD

rig- I. The yield in mb per equivalent quantum as a function of the bremsstrahlung end-point energy.

The lower solid curve is obtained from relation (1) with the cross Section of Barber et al.
2
) up :o

150 MeV and then a = 0. The upper solid curve corresponds to the integrated cross-section cunc

in fig. 2.

2
w. C. Barber, W. D. George and D. D. Reagan, Phys. Rev. 98. (1955) 73.

Fig. 2. The integrated cross section and cross section above 150 MeV as a function ot .he photo

energy E. The cross section is the derivative of the integrated cross-section curve.
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REF. ZK. Kayser, W. Collin, P. Filss, S. Guldbakke, G. N'olte,

H. Reich, J. 0. Trier, W. Witschel
,

j

Z. Physik 2^Q, 447 (1970)
|

C
i 12

I 6

MPTHOO RE C
. NO.

70 Ka 2

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

G,N A3X 18-100 C 20- 140 ACT-

I

API

G.2N ABX 30- 120 c 35-130 ACT-

I

API

Investigation of the Photo Nuclear Reactions l2C(y, n),
12C(y, 2n\

39K(y, n) and 40
Ca(y, np) up to the Meson Threshold

In order to obtain data on the photon absorption process between the giant

resonance and the meson threshold the ctoss sections of the reactions ^Cfy, n) 11^
12C(y, 2n) 10C. 3,K(a/i)mK*, and *°C*(y, np) 3*K* have been determined by the

analysis of yield curves at the 140 MeV electron synchrotron of the PTB.
Though the (y, n) cross sections grow small with increasing photon energy they

are different from zero up to energies of 60 MeV and above. The cross section of the

reaction !JC(y, 2n) is extremely small; its highest value amounts to 0.15% of the

highest value of the ,2C(y, it) reaction. The measured “Cafy, np) cross section is

of the order predicted by the naive quasi-deuteron model. The integrated cross secaots

of the abovereactionsup to 140MeV are 85 ± 7, 0.90± 0. 10, 1 39 ± 1 6, and 76± 7MeVmb
respectively.

Fig. 4. Wirkungscjuerschnttte der Reaktionen 1JC(y. /i)"C (linke Skala) und
1ZG( 7 , 3n)

10C (rechte Skala). Die Fehlerbalken entsDrechen dem nach dem rehler-
fonpflanrungsgesetz aus der Standardabweichung der Ausbeutewerte berechnetea

Fehler

- 3. :£3*fl T MEs’ :f ::mme=c£
S A T

I O N A w 3 U R E A J O ^ '*AN2A3:i
PO»m NBS-418
l^EV. 7- < 4-641
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J. W*. Lightbody, Jr., and S. Penner

Phys. Rev. Letters 24, 274 (1-970)

EL EM. S YM.
|

A

L2

REF. NO.

70 Li I hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 22-37 D 52- 102 MAG- D DST

FLED. MATRIX ELEMTS

m
m
m
m
a

" 0
a

FIG. i. Reduced matrix elements squared for the

22- to 26-MeV excitation region versus Ca) trans-

verse and (b) longitudinal. Shown are experimental re-

sults and the theoretical results of aeForest iquasi-

elastic model using oscillator-model (dashed line),

and plane-wave (solid line) final-state nucleon wave

functions!, Lewis and Walecka 1 single particle-hole

model (dash-dotted line)!, and Uberall [generalized

Golahaber-Teller model (dotted line)!.

• PRESENT DATA

<0CH ET AL AMOTO-ASSORPTiON DATA

29-32 M.v EXCITATION

FIG. 2. Experimental results for the transverse re-

duced matrix elements squarea, together with calcu-

lated results of deForest for the indicated energy in-

tervals toscillator-modei (dashed line; and piane-wave
(solid line) final-state nucleon wave functions.;

over

fc»m NBS-A18
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MOMENTUM TRANSFER m.v/ C

FIG. 3. Same as Fig. 2 except for longitudinal re-

duced matrix elements squared (oscillator-model

(dashed line) and plane-wave (solid line) final-state

nucleon wave functions]

.
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J. W. Lightbody Jr.

Phys. Letters 33B , 129 (1970) 12

METHOD

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E,E/ ABI 17-37 D 52-102 MAG-D dst

SEE 70LI1

0 10 >00 >10 200 210

UOUCNTUM TRANSfCR • W.v/C

F.g. 1. A(q)/Z versus q. calculated for an oscillator

parameter 4 = 1.64 :m. Squares are data Integrated to

37 MeV excitation. Circles are data corrected for mis-
sed excitation 37 MeV)- The Berthot et al. data

point (see text) is the triangle.

Fig. 3. D (q > /4m versus •/. calculated lor an ..-.•.llator

parameter b = 1.64 fm (solid line). A

1

» siur.vn ;s U\q)/4T
before removing the contribution of spurious states to

the sum (dashed line). Squares are data integrated to

37 MeV excitation, circles are data corrected for ex-
citations oi > 37 MeV. For comparison we show the

Czyz et al. El. T = 1 sum rule (dash-dot line;, and the

photoabsorption data of Wyckoff et al. (triangle).

— o am MB5-418
tn ev. ?-> —mi
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H. A. Medicus, E. M. Bowey, D. B. Gayther, B. H. Patrick,

and E. J. Winhold
Nucl. Phys. A15o - 257 (1970)

! ELEM. SVM. A

I 12

RE F . no.

70 Me 4

REACTION RESUL T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

rvpe range TYPE RANGE

G.PG/ ABY 18-42 C 24-4

2

SCD-D 1-8 112

G,NG/ ABY 21-42 C 24-4

^

SCD-D 1-5 112

Table 2

The fractions of protons and neutrons emitted to the ground and excited states of "B and *'C for

each of the four bremsstrahlung end-point energies

Energy of

level

(MeV) J”

Percentage of transitions into the level Error in

percentage

of

transitions

(%)

24.5 MeV 27 MeV 33 MeV 42 MeV

“B “C “B “C “B UC “B “C “B l,C

8.57 8.11 < I" 0.1 0.4 = 30

8.00 7.51 i* 0.8 0.5 -30

7.30 6.91 r 0.5 0.6 0.4 0.4 0.5 0.5 =30

6.79 6.34 * 0.3 0.6 0.7 0.9 0.5 0.5 = 30

6.74 6.48 }- 0.4 0.5 0.8 0.4 0.7 0.5 = 30

5.02 4.79 i- 1.5 1.6 1.8 2.0 2.8 2.5 2.7 = 15

4.44 4.30 *- 0.7 0.8 0.5 1.4 1.6 1.8 1.8 = 15

2.12 2.00 i- 6.0 6.2 4.0 3.4 5.4 5.6 4.5 5.7 = 10

0 0 91.3 93.8 92.4 92.6 88.4 88.3 88.6 88.3

The final column gives the percentage error for each transition, this being independent of brems-

strahlung energy.

Table 3

Integrated cross sections, from threshold to the four bremsstrahlung end-point energies £0 . for transitions to each of the various levels in “B and

deduced from the yield ratios given in table 2

fCo fslcr
N

1 773
d£ (MeV • mb/sr) for 1 2C(y, p)“B

I y d£ (MeV mD/sr) for 1 2 C(y, nl
1 ’C

J o J o ''dlJ/

Energy of Energy of

ic\el level

(MeV) £„ - 24.5 £o ; 27 £o - 33 £„ -• 42 (MeV) £0 - 24.5 £., -- 27 /:„ - 33 / ,

S.57 0 0 0.03 0.08 8.1

1

0 0 0 (i, :

8.00 0 0.02 0.1 0.1 7.51 0 0 0 1)

7.30 0 0.06 0.06 0.06 6.91 0 0.03 0.03

6.79 0 0.05 0.06 0.06 6.34 0 0.04 0.04 r.iu

6. "4- 0 0.05 0.08 0.08 6.48 0 0.03 0.03 0.03

5.02 0.1 0.1 0.2 0.3 4.79 0 0.1 0.1(5) 0.1(5)

4.44 0.05 0.05 0.2 0.2(5) 4.30 0 0.03 0.1 0.1

2.12 0.2(5) 0.3 0.5 0.5 2.00 0-1(5) 0.1(5) 0.2(5) 0.3

Total excited 0.4 0.6(5) 1.2(5) 1-4(5) Total excited 0.1(5) 0.4 0.6 0-6 ( 5 y

states states

Assumed 5.0 6.2 7.8 9.0 Assumed 2.3 3.1 4.0 4.6

ground state ground slate

j.s. ;e° »b tves
*T!ON»_ 3 ^ £ A ^

- Zr Z EMM E =l.

o

-
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METHOD
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G «A ABX 12-32 c 32 EMU-D 421

? .3

Fig. 4. The cross section obtained for the reaction

uC(p, 3«) compared with those by other authors.

results of the present work
—- results of Maikov**'

results of Goward and Wilkins*"
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REF. NO.

i 70 St 2
I

esf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYP£ RANGE TYRE RANGE

e.e/ ABX 7 D 31-59 MAG-D DST

(7 . 65 )

-

7 — 7 . c 5 CK-

Tabelle 3. Experimentelle Parameter und Mefiwerte. £0 , 9 Primarenergie, Slreuwinkel
im Laborsystem. q unelastischer Impuisubertrag. <tute gemessenes Verbatims ion
unelastischem zu elastischem differentiellen Wirkungsquerschnitt ; in Klammer ist der

statistische Pettier in % angegeben. daidii unelastischer differentieller Wirkungsquer-
schnitt ; wegen der Fehlerangaoen vgl. Text. Die MeSwerle fur Si und S sind als

Ergebnisse fiir
nMSi und naIS aufzufassen ( vgl. Text)

4,
(MeV)

9
n

<r
(fm~ 2

)

oioE
(lO

-4
)

daidQ
(to-33 cm- ster.)

1JC 7,65 MeV 59.58 117,04 0,231 14,90 (0,6) 24,69 ±1,60
56,94 129,02 0,231 13,79 (1,0) 13,68 ±0.96
54,12 141,11 0,229 14,98 (0,7) 3,15 ±0,55
52,75 153,15 0,231 15,24 (1,0) 6,62 ±0,47
51,90 165,05 0,231 15,78 (1,8) 1,1 6 ±0.09
51,18 104,98 0,145 5, SO (0,7) 28,80-1.69
47,90 117.04 0,145 5,51 (0,7) 17,19 ±1,01
45,48 129,02 0,145 5,97 (1,2) 1 1 .1 4 ±0,7

1

43.57 141,11 0,143 5,95 (1,1) 6,09 ±0,38
42.54 153,15 0.145 5,82 (1,4) 2,67 ±0,18
37.51 104,98 0,074 1,41 (1,4) 15,38 ±1,07
35,08 117,04 0,073 1.33 (1,6) 9.14=0,57
33.39 129,02 0,073 1,44 (1,7) 5,89 ±0,37
32,04 141,11 0.073 1,39 (2,0) 3,11 ±0,21
31,36 153,15 0,073 1,39 (3,2) 1,39 ±0,11

:4Mg 6,44 MeV 59,01 116,94 0,232 5,53 (2,2) 28,23 ±2,24
55,81 129,03 0,231 5,41 (1,5) 16,65 ±1,20
53,64 140,95 0,231 5,65 (1,6) 9,51 ±0,70
52,14 153,00 0,231 5,17 (2.1) 3,95 ±0,32
36,98 104,96 0.074 0.59 (2.6) 25.08 ±1,78
34,59 116,94 0,074 0,56 (3,2) 15,09 ±1,16
32,87 129,03 0,074 0,58 (2.8) 9,37 ±0.68
31,72 140,95 0.074 0.58 (3,1) 5,10 ±0.39
30,86 153,00 0,074 0,68 (5,5) 2,69 ±0,27

Si 4.98 MeV 58,38 116.94 0,232 5,61 (1,9) 38.70 ±2,68
55.12 129,03 0,231 5,27 (0,9) 21.98 ±1,34
52,87 141,11 0,231 5,58 (1.3) 12,72 ±0,81
51.23 153,00 0,230 5.69 (1,9) 6,00 =0,42
49,93 104,96 0.145 2.05 (

1 ,6) 49.60 ±3,13
49,97 104,96 0,146 2,10 (1.4) 50.68 ±3.09
46,77 116,94 0.146 2,23 (2.2) 33.90 ±2.31
44,28 129.03 0.146 2.14 (2,0) 19.48 ±1.29
42,44 141,11 0.146 2,20 (1.7) 10.98 ±0,70
41.23 153,00 0.145 2,45 (2.1) 5,64 ±0,38
41.37 153,00 0.146 2.48 (2.5) 5.67 ±0,40
36.28 104.96 0,074 0,53 (4.5) 32.51 ±2.90
36.26 104.96 0,074 0,56 (4.0) 34.35 ±2.39
33,98 116.94 0,074 0,55 (4,3) 21.28 ±1,33
32,17 129,03 0.074 0,52 (4.0) 11,98 -*-1,00

30,87 141.11 0.073 0,59 (5.3) 7.54 ±0.73
29.96 153,00 0.073 0,66 (5.7) 3,89-0.39
30.09 153,00 0,074 0,60 (5,0) 3.52 ±0,33

Si 6,69 MeV 58.38 116,94 0,225 0,48 (25) 3,30 ±1,00
S 3,78 MeV 59,19 104,96 0.210 0,32 (37) 5,17 ±3.36

58.30 104,96 0,209 0.27 (45) 4,40 ±3.30
^Ca 3,35 MeV 53,98 140.95 0,250 0.92 (9) 3.03=1.21

over

fO«M NBS-418
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Fig. 2. Meficrgcbnissc fOr den 7,65 McV-Obcrgnng in ,:C als Funktion von MeB-
punktc und cingc/cichnctc Kurve geiten fur cine Auswertung mit Faktoren fc und

.r,, jfj-Wenen nach Moduli I (Fig. I). Man bcachtc den unterdrtiukicn Nullpunkt

der Ordinntenskala
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. NO.
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hmg

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

E,E/ FMF 15-30 otoO.Io MAG-D DST

The longitudinal and transverse form-factor spectra for electroexcitation of the 12C
giant resonance were determined separately. Results are presented for an excitation
energy range of from 15 to 30 MeV and for a momentum-transfer range of 0.84-1.56 F“ l

.

We have found levels with the following excitation energies (MeV), spins, and parities:

13.6 (3"), 19.6 (4~), 20.0 <2
+
), 20.6 (3

+
), 21.6 (3“), 22.0 a"), 22.7 a"), and 23.8 a").

We have also found new evidence of the spin-isospin mode for the 22.7-MeV (1“) excita-
tion.

ZO 23 20
' "

'
, a

EXCTTVriON cNERGY id (MW)

FIG. 1. The longitudinal form factors
I
WL l q, w)| 2 for

electroexcitation in
IZC in the excitation energy range

from 15 to 30 MeV corresponding to the momentum
transfers of 0.84, 1.04, 1.22, and 1.56 F_1

. The widths
of elastic peaks for these spectra are about 650 keV.
The form-factor area for the peaks other than the gi-
ant dipole resonance around 22 MeV were determined
by a fitting procedure using the shape of the elastic
peak. The arrows show the positions of the form-fac-
tor peaks. The levels for which spins and parities are
assigned tentatively from the present study are shown
m the parentheses.

q-ae* (f-)

i ?? • i T
3

"
jj

a a

; ; l
i A JA * J.

VxjV\

EXCITATION ENERGY U (mv)

FIG. 2. The same as for Fig. 1 except that the trans-
verse form factors

\
WT ( q, toil

2 are shown.
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REF. NO.

70 To 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G.P NOX 680-840 C 700-930 MAG-D 41

P- POLARIZATION

table lista the preliminary reeulte for the nuclei ^Li^ and gC
.12

Nucleus ^y mam*

MeV

fyeff
MeV MeV

P.

MeV/c

AP.

MeV/c
Polari-
zation

Kine-
matic
region

Li
7 700 - - 753 23 -0.13 tO. if

810 790 25 -0.l5t0.22

I

700 755 23 *0. 05t0.3l

C” 810 - - 790 24 -0.05*0.20

930 840 25 0.08 tO,43

u 7 700 650 33 618 18 -0.76 tO.20

810 715 38 655 20 -0.31i0.19

700 650 33 618 18 -0.71i 0.21 a
c« 810 715 38 655 20 -0,35 1 0.2

6

930 840 43 754 23 0.48 1 0.33

Region I - no real mesons possible.
II " real mesons possible.
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R EACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ABX 31-200 D 100-200 MAG-D 15-60 DST

^ /

i G

FIG. 3 FIG. 4

FIG. 3. Angular distributions for different proton energies (E, =

200 MeV).

FIG. 4. Excitation functions for different proton energies, measured
for 100-, 1 50-, and 200-MeV electrons at the proton emission angle 9 ®

40.
P

FIG. 2. Proton soectra measured at different angles for electrons

with E, = 200 MeV.
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,MUT ABX 20- 30 G 50 RSP-D 4 PI

5. 2. A -ompanson between the present observed total photon absorption cross section of caroon ana the results of Burgov a al. :i
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ANGLE
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ELEM. SYM.
|
A

12

METHOD REF. NO.

! 71 An 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

G,P SPG 49-999 C 700.999 TEL-D 25-400 DST

G,D SPC 55-999 G 700.999 TEL-D 25-400 DST

999=1. 2 GEV. REL D/P.

Yield of protons 30-400 MeV, deuterons 30-200 MeV.

FIG. 2. Ratios of cross sections for

photopr</duclton of de'ihruns ami pr<>-

cnergy. I'uintv O A 3 A 0 J l/r.

Solid curve calculation on the muin;'-

tion of the pliotomcson model for pro
Jucnon of deuterons and protons.

<00 liO COO T, o.i/

FIG. 1 . Energy spectra of secondary particles. Points: O -protons.

0 = 30°. 9 -deuterons. 0 • 30°; A -protons. 0 » 120°
. A deuterons. 0 »

1
20° Solid curves-calculation with Eq. ( I ); dashed curves- calculation

with the quosidcuteron model, Eq. (2); dotted curve -calculation with

the photomeson model.

io

01

fit
>1

* J.9 -

I

ti *

.
..*• I*

• . • t •

ico too soo >oa rot no too

p. M.V/c

Table I. Values of the parameter r, MeV

.
» 700 MeV E ,

• 1200 MeV

Protons Deuterons Protons Deuterons

*0- 60* - 100* tar *• »• tar »• tar »• «

Ll 46 42 34 30 27 28 24 22 21 20 4S 28 27 24

13 43 36 30 27. 23 26 24 22 19 45 23 27 24

c 50 « 3* 30 28 34 33 29 23 19 60 48 35 37 34 22

Si 43 23 27 » 46 33 23 25

Cu 45 29 27 24

Ti 25 21 4S M 27 24

Pb 51 29 36 22

TIG. .V Ratio of deuicron and pro=

ton yields as a function of momentum
at various angles. E« * 700 MeV

;

points: 9-9 * 40°, &-9 = 60°,—

9

*

80°, V-d »
1 00°, 0-9 * 120°.

FIG. 4. The ratios Nj/Np as a

function of target-nucleus mass nuns-

ber A at an angle 9 =* 60° for E„ »

1200 MeV. Solid curve-A 0 li
.

The measured secondary-particle spectra for

kinetic energies T > 30 MeV are well described by
the expression

d'o / dQdTQ = const T exp ( — T I t),

which is identical to the formula for the evaporation
process/* 1 In Table I we have given the values of the

parameter r for the nuclei studied, at various angles.

The accuracy in determination of r is about lO1

^.
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71 An 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XD ABX 115-999 G 620,999 MAG-D dst

999 = 1. 14 GEV

i
; —IT :

;

pU a

-

jA!1

!,
b ft a4 ic

-
E'T A

-/

X-
\

v !

• X i \ PH
:o so mo mo so so mo mo so so mo no

''lab- 4*S-

FIG. 1. Angular distributions of deuterons in (7 , d) reactions in

nuclei for E„ = 620 MeV (a-c) and E0 = 1 140 MeV (d-k). The statisti-

cal errors are shown, a-g-angular distributions of deuterons with energies
ot 90 MeV, h—k-with energy 1 60 MeV.

«

i. 1

oO '00 ''40
9Ub-

FIG. 21 Angular distributions of 160-MeV
deuterons normalized at 9 = 40° for C 12

(A)

and Ta isl
I O) for E0 = 1140 MeV.

1

f- !

i sr

FIG. 3. Angular distributions of 90-MeV
deuterons normalized at 9 = 40° for E0 =
1140 MeV (O) and E0 = 620 MeV (A).

**<«

za Id -do <ia
a
!ab-

JAF \
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METHOD REF, NO.

71 Be 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 3-44 D 77-106 MAG-D DST

55.4 MeV, 145. 7°

81 MeV, 145.7°

96 9

<
3
O
CO

oa
,C2

o
CJ
<

UH

;/' 2
c

o-:0-29V«v 75*

• -10-29 MeV ,4 5.7*

0 -17-29 M«v 75*

-17-29 M.v 145.7*

iO* J —

145.7*

O

o
>—
<X

\ .

A “•

• : 0.0 - 1 7.0 VeV
a 7 0-ei.6 MeV
o ?' «- 25. 7 ‘.lev

• .'l . 7 - j:.o m.v

0.7

3.4

fm"

FrC. 11. The ratio of the l3C to ;:C form factors

(squared* in the 10—2 9-MeV region (circles; and the 17—
29-UcrV region (boxes). The form factors were obtained

by integrating the differential form factors over the indi-

cated energy regions. The errors reflect counting statis-

tics and the elastic peak tail uncertainty (see text). The
tail uncertainly tends to cancel in the formation of the

ratios.

Tig. 10. The form factor (squared) for l3 C. The dif-

ferential form factors have been .ntcgrnted over the re-
gion 10-17, 17-21.7, 21.7-26.7, and 25. 7-31 Me V. Re-
sults are presented for 73 and 142.7' scattering angles.

errors reflect both counting statistics and the un-
certainty in the elastic peak tail (see text).

( over 1
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FIG. 7. Similar to Fig. 2, but spectrum is tor 12C and incident energy is LOG MeV.
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METHOD REF. NO.

71 Bu 2 egf

REACTION result
EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/P ABX 5-85 D 500 MAG-D 51

PHOT P=25 , 100 MEV/G

p =25'MeV/c p = 100 MeV/o

a*nlatk

1JC ip 0.25 0.65 0.55 0.83 3.15 0.38

u 0.58 1.26 0.30 0.31 0.87 0.36

u
t

0.05 0.29 2.02 0.11

-S 1.41 7.28 0.19 0.80

(0.28) 0.05 0.70 3.94 0.19

ip (0.05) (0.93)

Ik (0.05) (0.07)

Cro—necilona are tfiven in unit* lO*" (rm*'.MeV/»r*)

2X3

!

i.Oh

6 i

T

3

Flc. I. - '*Cfe, e'p), <r*500MeV, r'=* 3«MeV; a) p— lOOMeVc. b) p =- 15 MeV/c.
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METHOD REF. NO.

71 Co 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABI 36-64 C 10-64 3F3-I 4PI

FAST N YIELD

04ri

0 — L-i .i 1 . . i . .

’0 X) 70 A 100

Fic.

-• “ Kxpcrimental phntoucutron <To*a-wectioiiM integrated over photon energy between :>6 and
04 .Mc\* and divided by NZLl arc plotted as a function of tho niura* number, lllnck dots arc total ern**-
sections not corrected for neutron multiplicity; open circles represent font neutron cross-sections (see
text). Tho dashed lines aro drown only to guido tho oyo.

Fly. 3. - The ratio between « fast * and total photoneutron integrated cross-sections as a function of
the mass number A. The solid line represents a fit of the ratios calculated for somo nuclei by takuu?
into account the theoretical neutron energy spectra given by Gabriel and Alsmiller (*) and the effi-

ciencies of our detector (see Fig. 1).

U.S. DEPARTMENT Cr DCMME-CE
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V. Qi Napoli, D. Margadonna, F. Salvetti,

J.B. Martins
Nucl . Inst. Meth. 93, 77 (1971 )

METHOD

H.G. De Carvalho, ELEM. SYM. A
I

Z

c

i REF. NO.

12 6

71 Di 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,BE7 ABY 26-999 C 300-999 ACT-

1

4PI

The use of the
19

F(y,n)
18

F,
27

A1
( y,x)

24
Na ,

1 97
Au(y,n)

198
Au, and

12
C(Y,x)

7
Be

reactions as absolute monitors for high-energy, high-intensity bremsstrahl ung

beams is discussed. The cross sections per equivalent quantum and the absolute

cross sections, in the energy range 300-1000 MeV, are reported for these reactions.

19r- 1827 24 12 7
F(y,n) F, A1 (Y,x) Na , and C(Y,x) Be reactions are proposed as very simple

and suitable systems for monitoring purposes.

_ 0 6 .

I 02 H

r

2 9 1 -
o

i !

9
«o

0 ‘ ‘ 1 J

ICO 200 300 500 700 1000

Srnmsstraniung energy ( MeV

)

Fig. 4. ^C—"Be reaction cross sections per e.q. Circles rest:

work: triangles: Frascati squares: Orsay 1
). The stra. i Ic

is a least-squares fit of all values.

Table 2

Energy <TQ(.mb)

(MeV)
- 3F— 13 F 27A1 _^24Na ls:Au—19SAu‘ ‘-C— 7 Be-

260 270— 14

300 5.90-0.20 0.37= 0.0I 253— 13 0.37—0.01

320 0.39-0.01

350 5.90-0.20 0.39-0.01 0.38±0.0I

380 5.95±0.20 0.41 —0.01

400 0.42-0.01

420 0.45-0.01

450 5.95-0.20 0.48-0.01 249-12 0.44-0.02

500 6.65-0.20 0.49-0.01

550 6.65-0.20 0.50-0.02 0.47=0.02

600 6.80-0.20 0.52-0.02

650 0.52-0.02 266-13 0.47= 0.02

700 7.20= 0.30 0.56-0.02

750 0.55-0.02

350 7.60-0.30 0.60—0.02 246— 12 © 4-sO II O o

900 0.59-0.02

1000 7. 10— 0.30 0.66-0.02 249— 1

2

0.51 =0.03

* The values given in the last two columns are, in most cases, an

average of two or more measurements (see ngs. 3 and 4).

-orm N3S-4I8
IA EV. 7-1 4-6*1
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REF. K. Sh. Egian, G.L. Bochek, V. I. Kulibaba, I. A. Grishaev
Izv. Akad. Nauk. Arm. Ser. Flz. m, 161 (1971)

EL EM. SYM.

12

REF. NO.

71 Eg 1 egf

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E,XP ABY 56-130 D 130 MAG-D DST

(yp) and (tp) reactions on C

studied

w.nucleus for 130 MeV excitation energy are— — . ts are compared with the q”’-''1—
one particle absorption models of y-quanta in the nucleus.

Phc. 2. ypAOBoe pacnpe^eACHKe npoTO-

HO* n3 peRiuau (tp) a (ep) aa Cu jah

anepraa loaovaiAesaa ao 130 Maa* — aac-

nepiiMenTaAbnue tohkh npa SHepraHi

Tp -40 Maa, A" npa Tp — 63 Maa. Chao-

lUHbia apHaue pe3yAbraTbi pacaeroa no

aia3HAeuroanoa moacah /leApxaa 1 19
j

AAn 7),= 40 Ms* (Aepiann) a Tp 63 Maa
(hhsbhh). Knnat»e aopunpoaanbi no aacnc-

pHMeuTaAbabiH'TOMaaM npa Man.

[lyHKTHpHbie apaibie—Te me pesy.\bTa-

Tbi nocAe CMeqjeHMn Ha 15° » ooAacTK

aaAbix yrnoa (cm. a TeacTc).

TnSjutua
Caaeaae o6paBoaaaun nporoaoa na *4pe C13 txvrcmaua a SAeaTpoaamv

e saepraeft no 130 Maa, a MKOapn

'

Phc. 1. BHepreTHMecaaA cneaTp npo-

tohob (tp) H (ep) Ha *4pe C X1 aah saep-

nia ao36y*4CHHn 40 130 Maa. •— aac-

nepaMeaTOAbnbie tohhu jah !) -= 30
J

,

A — aah = 6Q
J

. CiiAOaiaaa xpaaaa —
pesyAbTarbi pacMcroa no aaasHAeHTonaoH

moacah 4eApaaa [19] npa ft^-300
, nyHA-

THpatae apHBue — npH !)p
= 60 3

. 3acne-

pHMenTaAbUbie a TeopeTanecaae AaaHbie

npoHSaoAbHo HopMHpoBaHM npa 3Hepraa

iipoToiioa 50 Maa.

Tp = 40 Maa

2.02+0.08 i

2.08—0,05
1,97+3,05
2,16±o,n
2,02+3, 10
1,65+0,07
1.26-T0.06
1 ,01+0,06

38

.

Tp => 63 Maa
*P - 30* 60'

* dhldQpE,Q *; d^/d<2
pEpQ Tp, Maa d'7/d'2

r
EpQ Tp, Maa

IS 0,315+0,065 25 2,08 +0,05 40 1.65 +0,07 40
30 0,79+0,06 30 1,25 ±0,07 50 0.925±0,05 50
35 0,78 +0,08 35 0,705-0,065 63 0.41 +0,055 63
40 i0, 694+0, 065 40 0,55 +0,04 72 0.24 -r0,015 72
50 0.56 —0,08 50 0,23 +0.02 82 0,11 +3,04 82

0,41 +0,055 60 0,21 +3,01 92 0,06 +0,01 92
70 0.300+0,04 70 0,144+0.01 100 100
SO — so - — 279
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NATIONAL BUREAU OP ST4NOAROS



SEfr
K.M. Egian, G. L. Bochek, V. M. Kulibaba
Izv. Acad. Nauk. Arm. Ser . FIz i*6_, 351 (1971)

EL EM. SYM.

G

A

12

2

6

method REF. NO.

71 Eg 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,XP ABY 56-250 G 100-250 MAG-D 30

EXCITATION FUNC,TION OF ( Tp) AND (eP ) FREACTIONS
ON C13 AT PHOTON AND ELECTRON ENERGIES UP TO

K. M. EGIAN. G. L BOCHEK, V. M. KULIBABA

The results of excitation function measurements arc given for protons, product

by photous and electrons with energies of 100-:- 250 Mcv.

In the kinematically allowable region for n-photoproduction on nuslcar nucleon,

(£p -1 40 Afe /, V =* 30’), the slope of excitation function curve could be explained

assuming that protons are produced in two processes! x-quanta absorption by internu-

ciear quasidauterons with subsequent disintegration (the main procoss) and the ph».

toproduction of “-mesons. In the kinematically forbidden region, experimental data ar?

in good agreement with calculations by the qussideuteron model*

Phc. 1. ®yHRijH« B036y*xeHMn peaxijHii (;p) u (cp) ua yraepnsc lipu aiiep-

ruH npoTOHoa ua 40 Maa nos yrsau 30° s a. c. Ciiaouihojv xpHBB* pae-

csht&hs 'no sBasHxeRTouiiOM, ityiiaTHpunii — no oxHo.acTH.HOH, lurpnx

uyHKTHpHaa — no (pOTOMCSOiniofi moscah norAoqjisHHa p-enniiToii. riopnhi.

Abb spuaue HopvHpoaaHai udh 100 Atarn. TpoTba xpxaax uopuu*

poaaHa npn (£.)mj,
258 Msa no pasHOCTH suaeeiiHN axciiepHWOHTOAbiio-

ro ceeeuH* u Hopumpoaeimoro ceMcmia, paccuiTatinoro ito Ksasuao&TORiioH

ucueah.

Pmc. 2. ®ynatjK* aosoyaseHxx peamjHH {';p) h (ep) ua yrsepose npu sxep-

,-mm npoTouoa 83 Maa nos yrAOU 30 a a. c.“KpHBaa paccxxTaua no xsa3H-

AOKTOHIIOK UOjeAll H no pm upo b a iia iipx (E.)mn - 200 Afaa.

x-orm M3S-S13
<R EV. 7-14-44)

USCOMM-NBS-OC PHOTONUCLEAR OATA SHEET 280
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METHOD

uoncnarov , a. j.. uereocainsKii, a. a. ayoaiov, u.G.
A. E. Tenishev, S.G. Tonapetyan & V.M. Khvorostyan

Yad. Fiz. 14, 673 (1971)
Sov. J. Nucl. Fhys. 14, 377 (197 2)

Konovaiov
,

12

REF. NO.

71 Go 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G.P NOX 16-800 C 650-800 MAG-D UKN

POLARIZED PROTONS

pmu
7
MeV

E?
t{

.

MeV

±A£^,

MeV

Momen-
tum p.

MeV/c

MeV/c Polariza-

tion P

050 549 27

'

539 19 —0.25—0.18
700 593 29 573 21 -02C-0.1S
750 643 u 616 22 —0.47—0. 1

7

SCO 7IS aa 667 23.5 —0.45—0.13

J

Proton polarization from C” as a function of 7-ray energy cor-

responding to the lanematics of single-pion photoproduction from tree

nucleons. Points: O-expenmental data obtained in the present work;

-polarization values calculated with Eq. (3) with the value of P
ff

-

from Benevantano et al. (*]

;

A-Theoretical polarization value for the

value of P„- from Kenemuth and Stein. [’]

R. Kenemuth St P. C. Stein,
Phys. Rev. 129, 2259 (1963).

3
M. Beneventano et_ al.

, Proc. XV
Intern. Conf. on High Energy Physics,
Kiev, 1970.

J.3. CE D ARtMENT OF :cmme = c:
national bureau of stancarb.
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REF. EL EM. SYM. Z
N. V. Goncharov, A. I. Derebchinskii , 0. P. Konovalov,

and V.M. Khvorostyan
Yad. Fiz. 14, 31 (1971)
Spy. J. Nucl. Fhya. 14, 13 (1972)

METHOD

S.G. Tonapetyan,

12

REF. NO.

71 Go 2 hmg

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

G.PI+ RLY 150-500 C 500 CCH-D DST

PI-/PI+ YIELD PAT I

Measurements are reported of the relative yield of »* mesons and the >*/v* yield ratio for mesons
with energy 40 ± 10 MeV emitted In the angular range 3 50— 160* In photon- induced reactions
with E™3-* = 500 MeV with light and medium nuclei. The charged t-meson detector was a 34-cm
Freon bubble chamber with a tube for the beam. The i*/i* yield ratio for He\ Li

T

, C
M

, Si**, S
M

,

Ca <u
,
and Nb ,J was found to be respectively 0.94 * 0.14, 2.15 ± 0.31, 1.22 ± 0.21, 1.25 t 0.15, 1.0

~ 0.13, 1.11 ± 0.13, and 1.53 * 0.25. It was established that the f*-meson yield follows a ZA‘‘y *

law.

FIG. 2 . Relative yield of tr
+ mesons per nucleus as a function of

mass number A.

FIG. 3. srVir* yield ratio as a

function of mass number A.

»7*

2.0 -

f.s -

t.oV

»

5 T
ir *

r-

5 / ttil it IB JB H0 M1B KJ4A

U.S. DEPARTMENT Or CD
NATIONAL BUREAU OF STA

MMERC
near:

-ORM N3S-418
1 R EV. 7-1 4-641
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REF.

METHOD

B.I. Goryachev, B.S. Ishkhanov, and V.G. Shevchenko

Proceedings of the Second Symposium on the Problems

of Nuclear Physics, Novosibirsk, USSR, June 1970

(Kolybasov, V.M., Ed., Izdatel'stvo Nauka, Moscow 1971),

pp. 362-78

EL EM. SYM. A

c

REF. NO.

Z

12 6

71 Go 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANCC TYPE RANGE

r, yn ABX 19- 24 C 19- 24 MOD-

1

4PI

-OOM N3S-418
° E V . 1 4- 441
jSC DMM-O C 26010-364

T a 6 /i h n a 1

OHepraa peoonaHCos (Mas)

C
13

O i4
Co

20,0 18,9 16,9

20,4 17,3 17,2

20,7 17,9 17,3

21,1 18,4 18,2

21,4 18,9 18,S

21,9 19,3 18,3

22,4 19,5 19,0

22,9 20,3 19,3

23,3 20,9 19,6

23,7 21,3 19,9

21,3 20,4

22,2 21,0

22,5 21,2

22,9 21,5

23,3 22,0

22,3 22,4

24,2 22,6

24,6 23,3

24,2

24,6

25,5

U.S. DEP *RTm;vT ;c ••-.r-
NATIONAL 3LR£al C" £ f , L ~ ZPHOTONUCLEAR DATA SHEET 283



I. A. Grishaev, A. N. Krinitsyn, N. I. Lapin, V. I. Nikiforov,
G. D. Pugachev, and B. I. Shramenko

Yad. Fiz. 14, 35 (1971)
Sov. J. Nucl. Fhys. 14, 20 (1972)

SLEM. SYM. A

12

REF. NO.

71 Gr 2 hmg

REACTION
1 EXCITATION SOURCE DETECTOR

ANGLERESULT ENERGY TYPE RANGE TYPE RANGE

G,PI+ ABY 150-560 560 EMU-D DST

G.PI- ABY 150-560 560 EMU-D DST

PVPI+ YIELD RATIO

Cross section for photoproduction of n~ and it* mesons for

E„ = 560 MeV

lO'" cm 1
/ »r- Me V -cqu-Quant

* mm MT 4 - IJfT

Data <*4

n( 1 . T •

)J M«V

0»r data.
Oir data 4a

T • 40 MeV
T • *0 MeV T • 60 MeV

** - * - 4* 4-

c
Al
Ca

21.4*0.3
414*1.0
rut i s

20.6^ 1-5

35^=3
“1.6*54

78.2*2
473*4
»*8.8

27 4*11
57*4
109 *73
208x18 5

36.8*16
76= 5.4

152- 10 8

>#=27

21.6=11
4t».2=3.S

81 5 = 8 *

170=19

2^8 =2.6
52 = 4.7

03.5 =10.7
210=26 5

FIG. I . Total yield of chaffed melons as a function of atomic weight.
The solid straight line is (he experimental dependence, and (he dashed
straight line is (he A-/J law. a-i) • 60“, T - 40 MeV; b-J • 1 TO* Points:

O-T • 40 MeV, A-T • t>5 MeV.

N/z

FIG. 3. »'/»* yield ratio is a function of

N/Z. 1 -J-hO*. T-40 MeV ; h-i) * I 30*,

T 40 MeV. e-d " I 30*. T * AS MeV

U.3. DEPARTMENT OF CCMMERCI
NATIONA. 3 UR E AU OF STANDARD:

- C RM N 3S-4 ]

8

tR EV. 7-1 4-641
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3. S. Ishkhanov, I.M. Kapitonov, I.M. Piskarev, V.G. Shevchenko
Yad. Fiz. 14, 253 (1971)
Sov. J. Nucl. Phys. 14 , 142 (1972)

EL EM. S YM. , A

c 12 6

METHOD REF. NO.

71 la 3 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G,N ABX 19-25 C 19-25 BF3-I 4PI

Comparison of the location of resonances (in MeV) obtained
in the present work and the locations of the more

reliable resonances observed in other work

Dau of

present

work

Axuivted dau 1 Dau of
of other Cook et ai.

group* i j«j

Dau of
Firk et aL

n

Dau of

present

work

Analyzed dau
1 Dau of Dau of

oi olhet
|
Cook et ai.| Fok et at

Boup.
| | C|

19.2

19.7
-"0.1

20. >5
20.75

21.05

17.5— 1 a.o

19.2
!

(19 DO)

15.8—

10 9 , laso
2V. 1 — J0.2

|

D0.Ii>

2C.S-20.6
1 JO 35

( 20.t0 |

20.8-

DIO
1 (20.60) i

2 : 40
(21.70)

21.95

22.5

23.C

23.3

23.;

21.3-21.4 -121.30) !

217 1 -21 t.S) 21.7

22.3
j

22.|f.
j

'

22.0

1

"-73
23.1

|

23.60

(23.7)

FORM N 3 S*4 1 8
(REV. 7-1 4-44J
USCCMM-OC 26C10-P94 PHOTONUCLEAR DATA SHEET 285
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REF.

H. G. Miller, W. Buss and J. A. Rawlins
ELEM. SYM.

1

A
1

z

1

Nucl. Phys* Al63
,
637 (1971)

c 12
1

6

MFTHO!! BE C
. NO.

71 Mi 1 I egf

RESULT EXC1TA TION SOURCE oetector
REACTION ENERGY TYPE RANGE TYPE RANGE

angle

G.N ABX 70-90 C 6L- 128 TOF-D .3C-2Q DST

o
_£

>
<a

2
M
£

>
-o

T3
13

cc

•

.

T

Ef> *€l 4 . .j

• i*

• ''-I..

•*i i

*"

5=112*

C.1-62 S

•

d *90*
- £n *60 8

L

* ...
«***'

, . . .

i

Y 3 *60*
En * 60 8

A,

* ~ y . * i

H* i

i- 3 1 20*
£n«S3 3

! t ___

: i
: i i

JO
a.

J« • * :« .14 24 -2 4 3 33 33 ..3 <33

EjriU.V)

Fig. 3. Reduced neutron yield 2nd cross section, £a es 61 Me'

JO

d.

Fig- — Reduced neutron yield for E, e 49 MeV ,md (;•, n) cross section front

method of least structure.

!C us obtained by the
286

over
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c
Uio
CS
•O

Fig- 4. Reduced neutron yield and cross section, E% 2s 69 McV.

2
K. G. Dedrick, Phys. Rev. 100 (1955) 58.

^V. I. Mamasakhlisov and R* I. Dzhibuti, JETP
(Sov^Phys.) 14 (1962) 1066.

Pig. 7. Comparison of the ' lC(y, n) 1 'C cross section at 0 — 90’ with the predictions of quasi-alpha *)

and quasi-deuteron 2
) models.

f Exb.

•---Quasi -•

Fig. 6. Comparison of the neutron angular distribution with theoretical predictions of quasi-alpha x
)

and quasi-deuteron :
) models.
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slem. sym.

E. J. Moaiz ,
I. Sick, R, R. Whitney, J. R. Ficenec, R. g. Kephart

and W. P. Trower
Fhys. Rev. Letters 26 , 445 (1971)

12

method

71 Mo 3 „hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-240 D 500 MAG-D 60

lb)

Fig. 1. Cross sections d2u/dQde versus electron

energy loss w =€
t
-<

: for Inelastic scattering of 500-

MeV electrons at 60* from (a) carbon, (b) nickel, and

(c) lead. Solid lines are the results of the Fermi-gas
calculation with the nuclear parameters indicated on

the figure.

Table I. Nuclear Fermi momentum h r anti average

nucleon interaction energy c 'letcrminctl by lcast-

squarcs fit of theory to quasiclastic peak.

Nucleus (MeV/c)*

t

OIeV) b

iLi
6 160 17

221 25

itMg
24 235 32

*,Ca
40 251 23

:3 ni
53 - 7 260 36

33Y
83 254 30

50Sn
u, ’ T 2G0 42

73Ta
18 ' 265 42

,
2
Pb208 265 44

aThe fitting uncertainty in these numbers is approx-

imately ±5 MeV/c.

’’The fitting uncertainty in these numbers is approx-

imately *3 MeV. Simple estimates for t give numbers

In reasonable agreement with those in the table.

U.S. DEPARTMENT OF COMMERC
NATIONAL 3UREAU Or 5TANCAR:

m
*
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REF
- A. Nakada, Y. Torizuka, and Y. Horikawa

Erratum : Phys. Rev. Letters 27, 1102 (1971)

See: Phys. Rev. Letters _27> 745 (1971)

EL EM. 3YM.

12

METHOO P- YO.

1 Na 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 9-17 D 250 MAG-D DST

ERRATUM 71 NA1

Erratum for Reference 71 Na 1.

FORM NBS-418
(R ev. 7.1 4-64)
U5COMM-OC 28 0 1 0» P6 4 PHOTONUCLEAR DATA SHEET 289

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAUOF STANOARD3



HEF
- A. Nakada, Y. Torizuka, and Y. Horikawa

Phys. Rev. Letters _27, 745 (1971)

See: Erratum - Phys. Rev. Letters _27, 1102 (1971)

EL EM. SYM. I A

12

METHOO REF. NO.

71 Na 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 4- 17 D 250 MAG-D DST

EXCITATION ENERGY ( MtV )

FIG. 1. The inelastic electron scattering spectrum

for excitation energies of 9—17 MeV. The 14.1-MeV

peak is seen superimposed on the inelastic continuum

and the background was estimated as indicated with the

dashed line.

LEVELS 14. 1, 4. 43

TABLE I. The values of |:C parameters as calcula-
ted from the orbits which reproduce the experimental
data.

(n 1/z
(F) 2.42

<T*) 1/4
(F) 2.68

<?<,* («F 2
) -20.1

<?<„
h (eF4

) + 21.5

‘Qj is defined by (?„ = < 1G»/5)
1/J <xl£ zF :

y,9 ; X>.

<xlE
Zr ir,olx>.

FIG. 2. The experimental form factors for clastic,

4.43-MoV (2‘), and 14.1-MoV (4*) states in
,5
C. The

form factors calculated from the Nilsson orbits with

suitable parameters are shown along 'with tho experi-

mental data.

form NBS-418
(R EV. 7-1 A. 441
'J3COMM-OC 28010-P84 PHOTONUCLEAR DATA SHEET 290
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REF. EL EM. 5 YM. A

V.I. Noga, Yu. N. Ranyuk,'?.V. Sorokin, V.A. Tkachenko
Ukr. Fiz. Zh. 16, 1850 (1971) 12

METHOO REF. NO.

71 No 1 egf

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,BE7 ABY THR-999 G 80-999 ACT -I 4PI

999=1.2 GEV

Pkc. 3. SftepreTHRecxaa sasHCJiMOCTt. ceReHHH h sbixojo3 peaieiHH: O — 3KcnepHMe.u.Taa&sbic
sasHcakocra owxoaa ot £y max: cnaouiHaa xpH san — CTj. — cbyHrOiHH so36y>xaeHafl, boto:c-

a&ausst no cnoco<5y HaHMenbUHX KBanpaT03 no 3KcnepHMeHTanbKt»M zaHHbiis; nyHKTup-
Haa — CTq — auxoji, cooraercTByroumH (pyHKUHK B036yataeHHS.

U.S. 0 EP ARTMENT OF COMMERCE
NATIONAL BUREAU Cr STANDARDS
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RE = . EL EM. S YM.

Tatsuya Saico
Nippon Kagaku Zaashi 9.2, 164 (1971)

12

REF. NO.

71 Sa 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.N ABY 18-68 G 10-68 act-i 4 PI

Nippon Ifogokw ZoishJ. 92. 1 64-*.i bfl( 1 9T1)

Th* Yields o< Radioactivities Induced by (f, n\ Reactions
with Sremstlrahlung up to 68 MeV

by^oMujo^AIT^

T ^ lc (t, n ) y iritis oi 12 target nurlnics have l>ccn measured
at III, 13, 10, 30, 13 And GU MeV brcinsstraiilung by observ-

ing t lie induced Activities.

I lie energy dr|*ndcnce of (lie yields lias been investigated

rxiettsivciy in die same way as in the previous work at 21)

MeV breiussiraiiiiint'.

In t lie rnsr hi' liravy nuclides, tin: yields riv gir.it iy as a

function of maximum Ixmibarding energy up to "20 MeV, and
rise gradually from 20 MrV up to 6fl MeV. However, in tlic case

of light nuclides, the yields rise greatly up to 30 MeV, ix-rause

the neutron separation energies of light ones arc larger than
those of heavy ones, and the bremsstrahlung spectrum covers
the giant resonance and so the yields rise gradually from 30
MeV up to 60 MeV.
The yields have approximately been, estimated from the

parameter of the giant resonance, that is the peak Truss sertinn

and tile half width, in order to cumjiarc with the experimental
data. As a result, the experimental data of light nuclides and
heavy ones are nearly in agreement with die estimated data
of Nathans ct ai., Johns et al. and Montaibctti ct al., but those
of medium weight ones are relatively lower values.

Dtfmrtmni «/ Chtmutry, Fatuity of StUntt, Tohaku Unioanity;
Katahira-thm, Stndni-thi, Japan

I: '"Aufr.tO'-Au, I: '"Ur, *)‘»I

Is l,Mn(r,«)»Mn, ,V : «Na(r, ti)»*Na

Y: ,*0(r.»)“0, K : '«Cfr,*)"C

a 3 (r.*)Fiiz<r>n'#

a * » *y

• : TUIrt, ©: Johns F>,

3: Nathan* F>, Os Moniaibrtti b

a 4 t«
U.S. CEPARTMENTCF 20MMERC:

NATIONAL 3UFEAUCF 5TANOARC.
r opm N3S-418
(REV. ^-1 A-<5Ai

•J5COMM-OC Z6C10-=«4 PH0T0NUCLEAR DATA SHEET 292



REF. .
|

ELEM. SVM. I A

Y. M. Shin, C. F. Wong, H. S. Caplan

Nucl. Phys. A166, 162 (1971)
C 12

MCTHCO RE r
. MO.

71 Sh 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE PANCE TYO£ RANGE

E,P SPC 16-29 D 43 MAG-D 3*13 DST

csunts/mC

'*C

counts/mC

3

C(.,.'») 3

E,=43 MeV

****

cp 3 12 13 MaV

Fig. I. Proton energy spectra from the reactions ,2Cfo t e'p)
1

1

B and 13C(c t c'p)
l *B with 43 MeV

electrons.

over

pobm NBS-A 18
iR EV. 7.1 4.441
usccMM.cc ceoic-Pfl 4 PHOTONUCLEAR DATA SHEET 293

J.S. department OF COMMERCE
A 71 ON i L 0UREA^ CP STAN CARDS



Fig. 2. Differential cross sections of the i:C(y, p)" U anil 1 ’C(", p)"B reactions at 90’ m ith £ = 43

MeV. The solid line is from the results of Allas et ul.

T
6h

4 +
i

i

Of-

i

4 |
o--*h

l2

C
>

*
*

* t t

M

TP'P f

_i-r-M+rrTfTi7

\

20 a 22 23 24 25 26 27 29 29 30

Ex (MeV)
Fig. 3. Energy dependence of coefficients in the angular distribution of the reaction llC(e, e'p)M B.

The broken line is the result of (p, y) experiment by Allas et aJ.
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REF. ELEM. SYM.

H. J. Von Eysa, H. Schier, and B. Schoch
Elba-71, Tagungsbericht Elektronen Beschleuniger Arbeits Gruppen

c
(Sept. 1971) Justus Liebig-Universitat Giessen, p. 391

METHOD
' ~

" REF. NO.

71 Vo 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABX THR-266 C 150-266 TOF-D 90

See over for figure.

j.s. :epartm£nt:f c;mme°ci
NATIONAL 3 U R E A L, Or S T A N 0 A P C i

porm N3S-418
(REV. 7-1 4-641
USCOMM.OC 25010-P64 PHOTONUCLEAR DATA SHEET 295



5 -f _ E e = 2U MeV

',V 90°

Target’ P t)
1 * Targetlame lie (A,

E n = 20 Me'/

3 0 M e v

40 MeV

50 M?V

50 100 150 200 A

Ficur 3j_ 0i fferenti el 1 er Neutronenprodukti ons-W’i rkungsauersclmi tt
' *

a 1 s Funktion der Massenzahl A fur einige .Neutronenener-
gi en
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REF. A. Yamaguchi, T. Terasawa. K. Nakahara, Y» Torizuka* x. cuud^iiui x
^

i # i ci. dodWd*
Phys. Rev. C2, 1750 (1971)

ELEM. SYM.

C
i 12

mpthco ;
RE p

. no.

Page 1 of 3
71 Ya 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E,E/ ABX 15- 100 D 38-250 MAG-D DST

....

J-PI.FMF.10 LEVEL.
The longitudinal and transverse form factors were determined separately as functions of

the excitation energy from 15 to 40 MeV in the momentum-transfer range 0.75-1 .56 F '.

For some of the form-factor spectra the measurements were extended up to an excitation

energy of 100 MeV and the results were compared with the quqstelastic model presented by

de Forest. The q dependence of the experimental form factors for levels were compared

with the predictions of the particle-hole model and with the intermediate-coupling model.

We have then found the levels with the following excitation energies (MeV), spins, and pari-

ties: i3.i an. i8.6 an, 19.6 (4*), 20.0 an, 20.6 cn, 21.6 an, 22.0 ai. 22.7 (n, and

23.3 (1"). We have also found new evidence of the possibility of the spin-isospin mode for

the 22.7-MeV (11 excitation.

TA11LK l. The theoretical and observed energy lovola

(MoV) for J * - 1-, 2*. 3*. and 4", T - 1 In
1JC.

J*
Donnelly

(Ref. 28)

Main

configuration

Present

work

1- 19.52 18.1

23.09 ^^V2* ^ 22.0, 23.8. I

24.89

35.55
^3/2 ^

(lfitsi, ls i/2
mi

)

22.7, 25.5

3- 18.30 (25^2* ^ 16.6

20.60

23.83

(ldyj, lf>V2
_1

' 19.3

3- 19.24 13.6

25.09 l/>3/s 25.5

4- 20.17 (ldv j, Ifiyj
-1

) 19.6

r

FIG. 7. The transverse form factor for the 15.1-MeV
level. Previous data (Refs. 3-7, 14, 15 ) are also

plotted. The curves were calculated using the intermedi-

ate-coupling model (Boyarkinaj with the different oscil-

later-length parameters b.

posm NBS-4 18
\R E V .

7- I

USCOMM-OC 29010-P64

J.s. :EP ARTMEN T CF COMMERCE
NATIONAL 9LPEAL O c STANCA^CS

PHOTCNUCLEAR DATA SHEET 297
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m

FIG. 2. Spectra of scattered electrons at 35, 40 , 50 , 60, and 80* from IJC for the Incident energy of 250 MeV. The

cross section is shown in the unit of IQ*51 cmVar MeV. The arrows indicate the positions of the peaks. The values of

momentum transfer for each spectrum were calculated assuming an excitation energy of 25 MeV.

^G.A. Proca and D.B. Isabelle, Nucl. Phys. A1G9 ,
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^G.R. Bishop and A. Bottino, Phys. Letters 10 .
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Phys. Rev. 120 . 2031 (l9oi).
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Goldemberg, W.C. 3arber, F.H. Lewis, Jr., and
J4D. Walecka, Phys. Rev. JJ4, B1022 ( 1964/ .

1 V̂T.W. Donnelly, J.D. Walecka, I. Sick, and E.3.
Hughes, Phys. Rev. Letters 21 . 1196 (1963).

20 <•

N. Bezic, D. Brajinik, D. Jamnik, and G. Kernel,
Nucl. Phys. A12S . 426 (I9c9).
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REF
- A, Yamaguchi, T. Terasawa, K. Nakahara, Y. Torizuka

Phys. Rev. <£, 1750 ( 1971)

I

elem. sym.

12

Re?, no.

REACTION RESULT excitation
ENERGY

FIG. 8. The longitudinal and transverse form factors

for the 16.1-MeV level. The curves correspond to the

particie-hole model (Gillet and Vlnh Mau) with 4 ~ 1.S4 F
(dashed), the intermediate-coupling model (Boyarklnaj

with b =* 1.64 F (solid), and with 4 = 1.9 F (dotted).

[Page 3 of 3]
j

71 Ya 2 hmg

SOURCE detector

type range TYPE RANGE

FIG. 15. The longitudinal form factors for the 22.0-

and 23.3-MeV levels and the sum of both are plotted

against q. The form factors at the photon point were es-
timated from the data of Bezifi et al. (Ref. 20). Also
shown are the theoretical form factors for the dipole iso-

spin state with a dominant (ld;/
2 , ) configuration.

TABLE H. The observed and theoretical energy levels
CMeV) for J* = 1*

, 2*. and 3
+

, 7<*1 in
IlC.

J

•

Present

work
Boyarkina

(Ref. 29)

Gillet and Vlnh Mau
(Ref. 25)

1* 15.1 15.5 16.3
21.2

2* 16.1 15.6 16.3

23.7

20.0 23.9

28.5
3* 20.3 21.0

24.5

N3S-A18
<R EV . A-»S4>

USC CMM-O C 2S010-P«4

J.S. DEPARTMENT ZF COMMERCE
NATIONAL. BUREAU OP STANOAPCS

PHQtONUCLEAR DATA SHEET 299
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Proc. Internacional Conference on Nuclear Structure Studies
Using Electron Scattering and Photoreaction, Sendai, Japan
- 213 (197 7.) I

EL EM. SYM.

12

METHOO REF. NO.

7 2 Ah 7

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

g,mut ABX 16-140 C 140 MSC-D 4 PI

•

593

Fig. 8. Total nuclear cross-
sections for C.

( £)ai
, s>>- y!"

0
6(i|4r

• N0S ki 3 5 M#V o k « 35 M » V ,
o k z Ko

Fig. 11 Integrated cross-eectior.s
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Yu. P. Antuf ev, V. L. Agranovich, V. B. Ganenko, V. S. Kuz menko,

I. I. Miroshnichenko, P. V. Sorokin, and S. V. Shalatskii
Yad. Piz. 15, 643 (1972)
Sov. J. Nucl. Fhys. 15, 357 (197 2)

EL EM. 5YM. A

12

METHOD REF. NO.

7 2 An 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,T SPG 107-999 G 700,999 MAG-D dst

G,D RLY 105-999 G 700,999 MAG-D dst

FIG. I. Triton spectra from C,J

for E,, » 700 MeV. Solid curve—

theoretical yield of tritoni from

reaction (6) at 70*. Points: O—
emission angle 40*; 0-60*; 0-
80*; A- 1

20*.

Ej. u«v

999=1, 2 GEV

FIG. 2. Triton spectra from C' 1
for E, » 1200 MeV at 1 20° Solid

curve—calculation with Eq. (7). Points: d-proton spectra from C ,:
at

1 20* . O—triton spectra. The dashed curve is drawn through the expen-
mental points.

r

fU \
1

i n
_£i i ft

*

tea 70$ soa sua nm
p. M.V/e

fig. 6

FIG. 6. Ratio of triton and deuteron yields Nx/Nj for the nucleus

Cu as a function of secondary-particle momentum for E„ » 700 MeV.
Points: O— 40“

; d—60*; A— 1 20® ; A and—Nx/Nd measured in a

proton beam at angles of 1 20 and 60*.
[

IT
J

i

I

*

\

i

!

'
I

i

j

'oa /so :oa iso
&T.i M«v

«t/«(

.

j
(j

:

'U0 'SO 100

Et.j.M.V

RG. 4 FIG. 5

FIG. 4. Ratio of triton and deuteron photoproduction cross sections

dox/doj as a function of energy forC 11 for E, * 700 MeV. Points: O-
flX * 40*; d-60®, A— I 20*, point •-doj/doj measurea in a proton

beam ( '*1 (i> 40°, averaged over the secondary-particle energy range

80-150 MeV).

FIG. 5. Triton and deuteron photoproduction cross-section ratio as

a function of energy in C' 1 for E„ » I 200 MeV. Points: d-Sx * 60°;

A— 1 20*

.
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G. Anderson, I. Blomqvist, B. Forkman, G. G. Jonsson, A. Jarund
I. Kroon, K. Lindgren and B. Schroder

Nucl. Phys. A197. 44 (1972)

REF.

METHOD

ELEM. SYM.

ref. ho.

72 An 8

12

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 1*7 G 1*7 ACT-

1

4 PI

, n * ENERGIES GSV
G. Hylten, Nucl. Phys. A158, 225 (1970).

25
W. G. Barber, W. D. George, D. D. Reagan,
Phys. Rev. 98, 73 (1955).

m
m
m

Fig. 15. Yield and cross section for the n) llC reaction: o this work and • some of the
points from ref.

,0
). The yield curve drawn from 50 MeV is obtained from the cross section by

Barber ee at.
:3

). The solid curve shows the cross section deduced from all points and the dashed
curve gives the result obtained by HyltSa 10

).

(over)

r c rm N35-4 18
IR £ V . 7-1 4-64)

USC OMM-N B5-OC PHOTONUCLEAR DATA SHEET 302
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Table 6

Partial reaction cross sections relative to the total photoabsorption cross section, ala,M (in %)

Reaction 0.3 GeV 1.0 GeV 5.0 GeV

12C(a a) 10 ± 5 6.8= 3.4 0 ±5
27Ally,**) 0.2± 0.1 0.1= 0.1 0.04± 0.02

(A 2pn) 1.7± 0.9 1.5± 0.8 1.7 = 0.6

127I<A 3n) 1.6± 0.8 0 ± 3 5.5 ± 2.3

(A 6n) 0.9= 0.5 1.2= 0.6 1.5 = 0.8

('/, 7n) 0.9± 0.5 0.5= 0.3 0.1 = 0.1

(A 8n) 0.7± 0.4 0.6± 0.3 0.4 ± 0.2

iy, 9n) 0.3= 0.2 0.2± 0.1 0.5 =0.3

—(A .tn) 4.4± 2.2 2.6± 1.3 7.8 ± 3.9

(A p5n) 1.7= 0.9 1.7= 0.9 0.9 = 0.5

(A P"n) 1.9± 1.0 2.1 ± 1.1 0.9 = 0.5

(A p9n) 1.6= 0.8 1.6± 0.8 1.3 = 0.7

-('A P*n) 5.2± 2.6 5.4± 2.7 3.1 ± 1.6

(A 3p3n) 0.6= 0.3 0.3± 0.2 0.3 ± 0.2

(7, 2p5n) 0.5± 0.3 0.6= 0.3 0.3 ± 0.4

(A 3p7n) 1.3= 0.7 1.0± 0.5 0.4 ± 0.2

(A -?9n) 1.1± 0.6 1.7= 0.9 2.4 ± 1.2

(A 2pl0n> 2.7= 1.4 1.9= 1.0 5.0 ± 2.5

-(A 2p.vn) 6.3

±

3.2 5.6= 2.8 3.3 ± 4.4

(A 4pl2a) 1.5± 0.3 2.4= 1.2 2.0 = 1.0

(A 4pl4n) 0.8± 0.4 1.9= 1.0 2.5 ± 1.3

(A 4pl 5n) 0.4= 0.2 0.6= 0.3 1.5 = 0.3

-O’, 4pAn) 2.7= 1.4 4.9= 2.5 6.0 = 3.0

(A 6pl7n) 0.5± 0.3 1.5 = 0.3

(A 6pl3n) 0.14- o.l 0.2= 0.1 0.1 = 0.1

-(A DP-^n; 0.1= 0.1 0.7± 0.4 1.6 = 0.3

(A Sp!Sn) 0.8± 0.4 2-5 ± 1.3

-(a >’P-tn) 19 ±io 20 ±10 30 ±15

l97Au(;’, 3n) 0.9= 0.5 2.2= 1.1 1.5 ± 0.3

(A 7n) 0.8 ± 0.4 1.3= 0.7 2.4 ± 1.2

(A 9n) 0.8± 0.4 0.6± 0.3 0.3 = 0.2

(A 1 In) 0.4= 0.2 0.9= 0.5 0.5 ± 0.3

xn) 2.9= 1.5 5.1= 2.6 4.6 ± 2-3

Au(a 0 1.5± 0.4 2.7= 0.7 6.9 ± 2.0

Pb(A f) 3.1 ± 0.8 6.9= 1.7 17 ±5
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J. Berthot and D. B. Isabelle
Lett ere al Nuovo Cimento _5, 155 (1972)

EL EM. SYM.

12

METHOD REF. NO.

72 Be 10 egf

R EACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPG *£00 1 00 00 D 213 MAG-D 60

Bumps are at excitation energies of 48, 68, 84 MeV.

Paper also analyses other data for similar bumps (Orsay & Karkov).

m
FIs. 1. — Qtuai-elastic toMUniw ipectwn of 313.1 lleV electron* on X,C corrected for radiative etrcts.

The smooth curve ire* obtained with Os Forest theory. The erroaa labelled 0, 1, 3, 3 Indicate, respec-

tively, the enerrr position of the quasl-elastio peak miTmiiim tad of the three bumps. d — 60*.

M
m
m
m PHOTONUCLEAR DATA SHEET 304

J.S. DEPARTMENT OF COMMERCl
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J. Berthot and D. B. Isabelle
PICNS-72, 507 (1972) Sendai

REF. elem. sym.

12

METHOO REF. NO.

72 Be 12 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE QETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 30-140 D 200-350 MAG-D DST

Rgfirencea

Cl) J. BERTHOT and D.3.
published, 1972

C2) K..V. MAC VOY and L.

(3) 3.0. CRELL and C.L.

C 4) T. 0E FOREST, Nucl.
C 5 1 T.W. CONNELL^ Nucl .

FORM N3S-AI8
(R EV. 7-1 4.S4I

USC OMM-N 8S-OC

ISAEELLE. Jour, Rhys. Appl

VAN HOVE, Phys. Rev., 1952
SCHWARTZ, =hys. Rev., 19S8
Phys.. 1969, A132, 305
PHvs. 1970 . A 1 SO , 393
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112, 563
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REF. ELEM. SVM. A
S. L. Blatt, K. J. Moon and D.

Fhys. Rev. C6, 1536 (197 2)

METHOD

Kohl er

12

REF. NO.

72 B1 6 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE,G ABX 26-32 D 1-6 NAI-D DST

Angular distribution at 3. 5 MeV was found to be:

W (<?) * l - (.78±.19)P,(cos«)
O 4

H£=EE3 .G-WIDTH.J-PI

E EXCITATION ENERGY IN
izC (MeV)

27.0 28.0 29.0 30.0

FIG. 4. 90* excitation carves for radiative capture of
5He to the first three states of IJC. The smooth curves

drawn through the y% and y, data represent a single res-

onance in IJC formed by s and d waves (see text). The
curve for rt

Includes both this same resonance and a

strong nonresonant contribution.

TABLE I. Transition strengths for sBe( JHe, y)
1JC

resonance at £ (lab) =2.55 MeV, width T(c.raJ =1.6 MeV.

Efln*

(MeV)

E
f

(MeV) (Mb)
* (cV) b r/r

r»

Vo 0.0 0* 28.19 2.7 211.8 1.5xl0*s

Vi 4.44 2* 23.75 1.1 c 24.6 0.9x 10-4

v: 7.56 0* 20.63 2.6 2 11.3 3.6x lo
-5

1 The total resonant cross sections at 2.55 MeV are
calculated assuming angular distributions Identical to

those measured at 3.5 MeV.
b The lower limits on partial radiative widths are cal-

culated assuming = 1 and r,He = T.
c The nonresonant part of the cross section contributes

an additional 0.9 jib at this energy, according to the fit

to the data described in the text.

lot) amjle (deqj

FIG. 5. Angular distributions measured at £(*116) = 3.5

MeV. Curves of the form W(fl)»l+a
J f

J
2
(cosfl) ars fitted

to ths data; for yt
an isotropic fit is also shown.
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EL EM. SYM.

12

METHOO REF. NO.

72 3r 4 hmg

• REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 29-35 D 14- 24 NAI-D DST

B"(p.r0 )C i2 ANGULAR DISTRIBUTIONS

FITTED WITH . Z A„ (e«ac m l

FIG. 3. Angular distributions of the v 0
transition, in arbitrary units.
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_
U. Excitation functions for the total cross sections and angular-distribution coefficients for the y0

transition.
,l* errors quoted here have a precise significance and are discussed in the text. The angular-distribution coefficients
,rr ** defined in the text (not as in Figs. 8—10).
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H. F. Glavish, S. S. Hanna, R. Avida, R. N. Boyd, C. G. Chang, E.

Fhys. Rev. Letters 28, 766 (1972)

METHOD

Dlener
ELEM. SYM.

:
A

12

REF. NO.

72 G1 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ P,G ABX 22- 30 D 6-14 NAI-D dst

W( 9 ) = ^ [l +
fc

r a
k
P
k
(cose)+ P-nE^ b

fe
sink9]

POLARIZED PROTONS

A
l
(9) =

C=1
b
k
3ink<3)^ 1 +

k?L\p
k ( c°S« )]" L

i'APLE I. New limits on the configuration mixing in the GDR of
1_C obtained with the

tp,’, ) reaction using (solarized protons, as compared with the old limits derived from

the unpolarized reaction.

Data 6 mi r*. max. d-/t'' min.d >i‘

I'npolarized 0 0.01 0.32 0.10

Polarized included — 13® 0.03 0.14 0.23

0 0.00 O
c
Io 0.21

13’ 0.02 0.40 0.07

FIG. 1 Measured angular distributions of the pol.nri zed-proton reactions " IK p, 7j'
?C and "lHp,y

t
)

1:C expressed
as the analyzing power The curves are fits of Eq. (2) with it = l, >, 3.

(over)

fORM N3S-418
iREV. 7-1 4-«4)
use OMM-O C 25010-P64 PHOTONUCLEAR DATA SHEET 309
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m

m
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m
H
m

FIG. 2. Summary of existing informatioa on the re-
actions lt3<p,y })"C and ::E(p,y

I
)‘‘C in the giant dipole

region of !:C. The curves for o
3 , a,, and a

:
are from

Ref. 2. Tie values of 6, are those obtained from the

fitted curves in Fig. 1.

-6-

9
-e-

40

20°

0
°

FIG. n. The configurations in tne y, giar.t resonance
of "C allowed by the data in Fig. 2. The paths in con-

figuration space were obtained for a- = - 0.60, b

= — 0.13, and 5 = 0, = 13’. The solid and dashed lines

represent alternative solutions I and II, respectively.

For each allowed value of s 1/: is,/ ;
l , the allowed values

of d,j
2
\d</

2 \ ,
d

3 /2 ld, /3 l , and -o
a can be read from

their respective graphs. Note that for solution I the

paths for and d
3

d,/., are almost identical

for 6 =0,* 15°.

2
R. G. Allas, S. S. Hanna, L. Meyer-

Schuczmeiscer, R. E. Segel , Nuci. Phys. 58,
122 (1964).
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qeF
- Stanley S. Hanna

PICNS-7 2, p. 453 Sendai

eu EM. SYM.

G 12

REF. NO.

72 hvm

REACTION RESULT EXCITATION
ENERGY

. 1

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

S P|S NOX 22- 29 D 6- 14 NAI-D DST

POLARIZED PROT ONS

Fig. 11. Summary of existing information
lI B(p,y0 )

12 C and u B(p,y1 )

12 C
on both

fORM N3S-418
IR EV. 7-1 4.«4>

USC OMM-N BS-O C PHOTONUCLEAR DATA SHEET 311
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Differential

Cross

Section

E
s

MeV

Fig. 2. Separation energy spectra for
12

C

Fig. 3. Momentum distributions for - 2C

N3S-418
(R EV. 7-1 A.«4)

'JSC OMM-N fi 3-0 C PHOTONUCLEAR DATA SHEET 31 2

U.S. DEPARTMENT OF COMMERCE
NATIONAL SUREA'jOF STANCAROS



REF.
G. Kuhl and U. Kneissl
Nucl. Fhys. A195, 559 (1972)

ELEM. SYM.

c

A

12

z

6

METHOD REF. NO.

72 Ku 6 egf

REACTION RESULT
EXCITATION
EN ERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.N ABX 19-30 D 20-30 ACT -I 4PI

-

Die enl ' '

~

iT
''Ag(e.en)

i:5
ig

— E1«ctrons” Fhsitrons

!3
Cu(»,»'nl iJ Cu

3C0 -t

200

:oo J

20

3*(^5

1

,-1200

-1000

1-900

i—500

r
I

-200

25 30 20

Energy { m*v )

25 30

F'g. 3. Absolute cross sections of the three reactions irtvesl.gaced. The error of the absolute scale is
estimated to be — ?

Fig. 4. The measured ratios of G~}a* at an energy of 27 MeV compared with the straight line uiven

by Herring et al.
6
).

porm N3S-418
(R EV . 7-1 4-64)
USCOMM.OC 26010-P64

F. Herring, I, C. Hascimento ,
R. B. Walton and R. E. Sun-

?hys. Rev. 139 (1965) 56 2313
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EL EM. SYM. A

I. Linck and L. Kraus
C.R. Acad. Sc. Paris 275, 669 (1972) 12

METHOD

72 Li 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE .G ABX 27- 35 D 1- 11 NAI-D 90

HE = HE3

600

430

200

27 23 31 33 35

_g(nb/sr)

i 1 l l i
"

l

Eexc
12
C(MeV)

-

l|T
[

, ii

l

}
.W'ne^Fc

r
{

r I 9=90=

i.

1
-4

*

1

t

h
I

•f

H-A-a 1 4— : 1 ! 1 i 1 1
—

TS< nfa/sr)

t !

200 - l •

*t
‘

£3He
(MeV)

9 Be(3He/ S0
)‘!2C

t 9=90’

4 * i

*
t j i i

10

£3
12

-He

15

iq

0,5

27

ST^/sr)

29 31 33 3:~T 1 1 1 1 rrr- r

5exc.'"£ (MeV)

S Es(3Ke,2 3 )

12C

9=90°rjji i

I
Ul

[
1 i ! { i I i .

i T i I 1 ! I

H r -I 1 1 H

400

200

2j(nb/sr)

I I

I 1 f—

-3Ke.f^eV)

9Ee(3H3/ o 2 j

!2C

9=90°

I

i

iff

r T
* »

i i-

E3 He :HsV)

0 2 4 S S 70 1

Fig. 2 b. — Courbes d'excitation des transitions r; et

Fig. 2 a. — Couxies a’eicitation des transitions Ta. et ,Ti.

L'£chelle du haut donne 1’energie d’excitation dans ,JC, au centre de la cible.

U.S. DEPARTMENT CF COMMERCE
NATIONAL BUREAU OF STANCAROS
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D. M. Skopik, Y.M. Shin, J. W. Homiachek, S. K. Kundu
Nucl. Phys. A197 . 185 (1972)

EL EM. SYM.

12

REF. NO.

7 2 Sk 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,D ABX 40-60 D 40-60 MAG-D DST

eo
a
O

bic;
•Ot-O

5c.M.

Fig. 3. Angular distribution of deuterons near the kinematic threshold at an incident electron

energy of 40 MeV.

Eo=40MeV
Ed =(9.2±O.S)MeV

Fig. 4. Angular distribution of deuterons (£<j = 11.5 MeV) not restricted to ground or first excited

state transitions at an incident electron energy of 40 MeV.

(over)
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E®=40 MeV
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43*
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tl

i */}
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Ey ( MeV)

FiS- 2. Differential cross sections for the ‘-Cf;', d)'°B reaction at three lab angles.

i
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Fig. 6. Isochromats for deuterons of 11.5 MeV.
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jpamer, uiaveneyer, u. w. ae Jager, L. Lixeperinlc
PICNS-7 2, 419 (1972) Sendai EL EM. SYM.

G

A

12

z

6

METHOD REF. NO.

72 Sp 9 hvm

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

E,E / NOX 15 D 35- 71 MAG-D DST

15=15. 109 MEV

The analysis of the data has been performed in

an iterative procedure with b and /B(Ml,q) as free
parameters and p 0.16 (corresponding to y * -1.4).
After each iteration the f^'s are recalculated using
the improved value of b. The best fit to the data
(including the properly normalized results from
Orsay (3) is shown in fig. 7. The final results are

/BiMl.Ol - (1.737 + 0.012) 1

0”
1 fm, b 2 - 3.542 + 0.073

fax ;
this corresponds to a radiative width of F® *

(35.74 + Q.86)eV, where an error of 1 7. has been 1

added linearly to the statistical error to account
for the uncertainty in the f c .

Fig. 7. Reducad transition probabilities for the 15.1 MeV
level in C. The fit is obtained from an analysis per-
formed for the combined sec of Darmstadt data and Amster-
dam data. The correction factors ^ba/°DWBA 1° the data
reduction are shown in the insert.

-ORM NSS-413
I R 2 V . 7- I 4- 64 )

use OMM-N BS-Q c

U.3. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STanCAROS
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REF.

S.G. Tonapetyan, N.V. Goncharov, A. I.

0. G. Konovalov and V. M. Khvorostyan
Zh. Eksp. Teor. Fiz. 63, 1955 (1972)
Soviet Phvs. JETP 36. 1Q33. (19733

METHOD

Derebchinskii

,

ELEM. SYM. A

G

REF. NO.

12

z

6

72 To 9 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABX 86-240 C 250-999 BBL-D 90

FIG. 2. Comparison of experimental proton energy spectra for E1J
1" =

250. 293, 400 600, and 800 MeV with spectra calculated from Eq. (I),

where L is taken respectively as 3. 4.4, 6.4, 7.7, and 9. 1 ; solid curves—

experiment, dashed curves—quasideuteron model.

FIG. 3. Differential cross section for photodisintegration of C 11
at

01ab
= 90

3
as a function of ET ; A-resuits of the present work when in-

tegration over Ep is earned out in the region Ep =» 70—240 MeV, O— in-

tegration over Ep in the region Ep = 30—240 MeV (curves l and 2 have

been drawn through the expenmental points). The errors are statistical.

Curve 3-differentiai cross section for photodisintegration of the deu-

teron, increased by 30 times; curve 4—ihe sum of the differential cross

sections for photoproduction of 1 , 2. and 3 tr mesons of all signs in

nucleons of C IJ
.

999= 1.2 GEV

1 Energy spectra of photoprotons from C' 1
at an angle t)| 3 (,

=
90 tor bremsstranlung photons with maximum energy from I 10 to
I 200 MeV The errors are statistical. Hollow points-resuits of the pre-
sent work, solid poinu-data from other sources: »-ref. 12, *-ref. 4,
A— ref. 5.

^C. Levinthal ec al. Fhya. Rev. j!2, 822 (1951)

^P. Dougan et al. , Preprint LUSY-1003, 1970

^^N.G. Afanas'ev ec al. , Prib. Tekh. Sksp. _5, 146 (1967
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R - E- van de Vyver, H. Ferdinande, G. Knuyt, R.
Nucl. Phys. A198 , 144 (1972)

METHOD

EL EM. 5 YM.

Garchon, J. Devos

12

REF. NO.

7 2 Va 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 18-32 c 18-32 BF3-I 4PI

Fig. 2. Comparison of the present total photoneutron cross section for 1JC with previous

measurements. Our data are the results of a Cook analysis.

FOBM N3S-4I8
(R S V . 7-14- 641
USCCMM.OC C6C10.P64 PHOTONUCLEAR DATA SHEET 319

u.s. department dp commerce
NATIONAL BUREAU OP STAnDaRC:



HEF.
J. Ahrens, H.3. Eppler -

, H. Gimm, H.. Gundrum, M. Kroning,
P. Riehn, GyifSltaRam, A. Zieger, and B. Ziegler

PICNS-73, Vol.X,' p. 23 Aailomar

ELEM. SYM.

12

73 Ah A hmg

REACTION RESULT EXCITATION
ENERGY

DETECTOR

G ,MP-T ABX 10-140 140 H3C-D API

Statistics may have been improved over those of 72Ah7.

See figure on other side.

m
m

fORM N3S-418
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S. Anami, K. Baba, I. Endo , H. Fujil,

S. NInomiya and Y. Sumi

PIGNS-73, Vol.I, p. 613 Asilomar

method

S. Kato, A. Murakami,
EL EM. SYM.

12

73 An 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE range

n pt- ABX 140-824 D 323-824 MAG-D 28

Fig.

Tabl 0

<k>

(MeV)

dc/dd

(ub/sr)

N
erf

2 r

(MeV/c)

Po

(MeV/c)

c free

(MeV/c)

x
2
/a.f.

323 30.3-30.9 1.4 47 242 279 0.76-0.77

373 39.2-42.3 2. 0-2.

2

47-50 236-289 229 1.26-1.76

423 44.5-47.8 2. 7-2.

9

51-34 333-336 373 1.46-1.69

473 57.7-61.6 3. 2-3.

4

62-64 330-384 425 0.65-1.28

524 57.3-53.9 3. 1-3.

2

69-70 424 473 0.91-1.04

574 62.0-66.6 3. 1-3.

3

72-75 468-471 518 1.03-1 . 34

523 61.5-66.3 2 . 7-3 .

0

72-77 519-523 561 1.09-1.43

574 66.4-68.1 2.7 82-83 567 606 1.35-1.42

724 72.9-78.5 3. 1-3.

3

94-93 600-605 649 0.45-0.75

774 65.3-67.1 3.4-3.

5

105-106 646 692 0.46-0.53

824 51.9-70.9 3. 9-4.

5

114-133 572-682 734 0.36-0.52

“orm N3S*Alff
l R E V .

7- I 4-441

USCOMM-N8S-OC
NATIONAL BUREAU Gr

^GMMERCE
ST an Da E

PHOTONUCLEAR DATA SHEET- 322



P. S. Ananien, I.V. Glavanakov, V. I. Kryshkin,
V.N. Stibunov, A.G. Sterli.gov, Yu. P. Usov

Lett ere al Nuovo Cimento 8_, 651 (1973)

EL EM. SYM.

12

method REF. NO.

73 An 10 egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ g.piOd NOX 137*235 C 800-900. TEL-D 90

$ G.PI-P NOX 155*235 C 300-900 TEL-D 90

$P ,*REC0IL P ENERGY

Table I. - Experimental results.

z. (VP, ^ J
P) (yn, s-p)

(MeV) P AP Events P AP Events

137 0.1 ± 0.G5 22

155 — 0.3 ± 0.35 GO 0.9 ± 0.6 45

175 — 0.19 ±0.3 71 — 0.09 ± 0.29 G5

197 — 0.03 ± 0.28 a? — 0.10 ± 0.27 GO

215 — o.ou ±0.31 57 — 0.57 ± 0.3 G2

235 — 0.25 ±0.25 59 — 0.30 ± 0.29 46

Table I presents tho experimental results of tlie polarization measurements in

reactions (yd, 7r°p) and (vn, rr—p) vs. recoil proton energy. The errors are one standard

deviation evaluated from the maximum-likelihood procedure.

FORM N3S-A18
II EV. 7-1 4. 64)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 323
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ref. B. T. Ghertok, G. Sheffield, J.W. Lightbody , Jr.
, S. Penner

,

EL EM. SYM. A z

and D. Blum
Phys. Rev. G8, 23 (1973)

G 12 6

METHOD REF. NO.

m
e

*
m
m

m

73 Gh 1 hmg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,2/ LPT 15 D 35- 56 mag

-

a DST

r » 37.0 * 1.1 eV
r

15. 109 MEV LEVEL

TABLE m. Input data for fitting.

?
2

(fm
-2

) (10*2 fm2
) [ff(9 (Ml))]-2 *

0.0338 0.9075 213

0.0454 0.9737 275
0.0591 0.9024 419
0.0920 0.8290 674
0.0560 0.8191 454
0.0773 0.8449 785
0.1298 0.6777 1570
0.1613 0.6505 1558
0.1295 b 0.6854 213
0.2730 0.4571 479
0.1185 c 0.728 385
0.1519 0.667 459
0.1880 0.519 758
0.1894 0.593 1138
0.2310 0.527 1441
0.2758 0.452 3058

1
l?o has been added linearly to the cr la Table H and to

the data of Ref. 15.
* 0.1295 -*-0.2730 are from Ref. 20.
e 0.11S5 to 0.2768 inclusive are from Ref. 15.

HG. 3. Fits using Eq. (11) are presented to the experi-
mental reduced nuclear transition probability versus mo-
mentum transfer squared. The data from Yale (Ref. 15)
and Orsay (Ref. 20) as reanalyzed here are included with
our measurements.

^G.A. Peterson, Phys. Lett. 25B . 549 (1967);
and private communication.

“^3. Dudelzak and R. E. Taylor, J. Phys. Radium

22, 544 (1961).
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m
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REF. V. di Napoli, P. Salvetti, M. L. Terranova, H.G. de Carvalho,
and J.B. Martins

Phys. Rev. C8, 206 (1973)

ELEM. SYM.

12

METHOD

73 Di 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,
SPL ABY THR-999 G 999 ACT-I 4PI

999 - 1 GE

MASS NUMBER A

FIG. 3. Yields of 11C and TBe versus the mass number
of the target nucleus. Filled circle: UC, Ref. 16. Filled

triangle: UC, Ref. 17. Filled square: !l
C, Ref. 8. Open

circles: UC, present work. Reversed open triangles:
TBe, present work.

G. Andersson et

44 (1972).
i(3

V. di Napoli ec

95 (1968).
17

A. Masaike, J. Phys. Soc. Japan _19, 427

(1964).

al. , Nucl. Phys. A197 ,

al. , Nuovo Cimento 55B
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Atomic weight

Fig. 9. In this figure, the straight lines show the experimental cross-sections at 40°

and 74° for £
p
—l50 MeV. Tne other curves arc the same cross-sections divided by

atomic weight

Fig. 8. Experimental cross-scctior.s at various angles for £„=150MeV divided by
NZ'A plotted as a function of atomic weight

(over)

rig. 6. The ratios of the experimental cross-sections at *0 and 90 degrees for selected

proton energies as a function of atomic number * SHEET
J.S. CE?»3*MEMTC= COMMENCE

NATION Ai. 3tREAuCP S'AnOAROS
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Table 4. Carbon. Bremsstrahlung end point energy: 400 MeV. Differential cross-sections

in microbarns/sterrad • MeV eq. quantum. Quoted errors: statistical in percent

Energy Angle

22 30 40 50 60 74 90 110 130

31.5 167 130 1.86 1.56 1.18 0.320 0.545 0.445

2.6 1.0 1.8 19 13 2.3 3.0 3.2

85.0 3.18 171 119 1.76 1.45 1.10 0.843 0.612

12 3.0 1.4 1.9 10 1.6 10 13

99.4 119 1.72 1.31 1.13 0.891 0.575 0.393 0.266

3.1 2.0 2.3 1.7 2.9 3.0 3.8 4.5

102.5 2.59 2.04 1.68 1.27 1.09 0.849 0.587 0.410

2.6 11 1.7 2.4 15 2.1 16 3.1

106.3 136 1.55 1.23 1.05 0.744 0.552 0.400

2.3 1.2 2.8 13 1.4 1.6 3.2

109.2 1.82 1.39 1.28

14 0.9 2.4
• *

116.4 1.55 1.26 0.839 0.687 0.418 0.244 0.154

3.6 3.3 10 3.3 3.5 4.8 5.9

119.2 3.77 1.38 1.2

1

0.880 0.736 0.602 0.390 0.242

4.4 2.4 18 4.2 4.2 3.4 4.4 5.0

Table 4 (continued)

Energy Angle

22 30 40 50 60 74 90 110 130

128.9 1.65 1.04 0.903 0.718 0.529 0.355 0.207

2.9 1.1 3.6 3.0 2.1 16 4.6

131.4 1.29 0.977 0.932

3.0 2.0 2.9

150.0 0.952 0.719 0.626 0.472 0.347 0.205 0.112

3.3 1.0 4.4 3.7 3.2 5.2 6.5

152.3 0.850 0.687 0.666

3.3 2.0 3.5

171.6 0.695 0.600 0.513 0.416 0.341 0.216

3.1 13 1.3 2.1 4.6 2.7

183.4 0.437 0.455 0.381 0.306 0.223 0.133

3.9 2.3 1.3 3.9 1.2 3.7

205.1 0.363 0.302 0.264 0.203 0.142 0.0681

4.4 3.4 IS 2.9 3.4 5.1

2.'-.0 0.211 0.146 0.0798

7.2 9.7 12.9

223.8 0.298 0.267 0.208 0.146 0.0905 0.0398 0.0131

3.8 3.7 2.6 5.7 7.1 10.2 15.8

238.4 0.169 0.118 0.0437

8.4 11.3 18.3 .

240.1 0.192 0.185 0.135 0.0822 0.0546 0.0248 0.00471

5.0 4.7 3.4 7.9 9.6 13.5 27.7 2.C f-

251.6 0.156 0.145 0.0805 0.0529 __

4.6 3.5 3.4 7.8
a

254.8 0.0797 0.0492 0.0254 2
\ 5

8.4 17.1 23.6 ••

256.4 0.152 0.110 0.0656 0.0492 0.0213 0.00481 0.00176 43 T

5.5 5.9 4.8 10.1 15.1 30.2 44.7

266.8 0.0879 0.0744 0.0370 0.0275
S 1 .0

6.4 5.5 5.5 11.3

2816 0.0703 0.0475 0.0218 0.0127
o
O

7.0 119 6.4 16.2 0.5 x

0 1 1 : :—d—-

—

:0Q 150 2CO 253 3C0

Proton energy [Mev]

Fig. 3. Energy distribution of protons at 40° from carbon irradiated with bremsstrah-

327 lung of 400 MeV maximum energy. The data not included in Table 4 are to be found

in [32].
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I. Endo, K. Baba, H. Fujii, Y. Sumi , S. Anami
, S. Ninomiya,

S. Kato, and A. Murakami
Phys. Lett. 47B, 469 (1973)

EL EM, SYM. A I Z

METHOD
12

REF. NO.

73 En 4 JSL
REACTION RESULT excitation

ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,PI+ ABX 319-819 C 300-850 MAG-D 28

E , PI - ABX 319-819 C 300-850 MAG-0 28

— - 8

0
3.

B .6
a

1
- 4

o
. 2

< k >: 559 MeV

0 TT

1 Ref. 2

» yi

4 1°-

>
*»:

J .irtmaiK a

3C0 400 500 600

.AS. PION MOMENTUM (MeWC!

I'ig. 1. T ypical examples of momentum spectrum at 2S.4°.

Bars on several points sliow typical statistical errors. The

solid cur/e is the one fitted by the Gaussian form. The arrow

/>
t
vee denotes the value of pion momentum corresponding

to the free nucleon kinematics. T he n* data ( x ) at 6S'
J
arid

<k) - 575 MeV are also shown for comparison [3|.

3
S. Arai et al .

,

preprint, Nagoya University GPNU-9 (1972)

Ft". 2. (a) Values of fdo/dn)carbon {• t tr*. o
:O and 6 X (do/dn)hydrogen as a function of (k). (b) ,V

c ,-
f (•

: it*. o : nl and

A'
e
.-.-(*

: n-*, 4. : rO. Errors arc due to the fitting uncertainty; statistical errors of about 455 at all points are not shown.

*
m

9 O pm NSS-419
<R EV. 7*1 4-641

USCOMM-N 8 S-OC

over
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Table 1

The fitted values of parameters in the Gaussian distribution given by (4) and the values of effective nucleon numbers and

.V^, Errors quoted axe only due to the fitting uncertainty: statistical errors are always about 4% and not shown here.

(At)

(MeV)

da/dn

(jeb/sr)

2r

(MeV/c)
Po'Pircc
(McV/c)

^eff lV
C[[

319 7T
+

33.8 i 1.4 51 t 2 -34 4 2 1.6 4 0.1 3.6 4 0.2

TX~ 30.9 ± 0.1 47 ± 1 -33 4 t 1.4 ± 0.1 3.2 4 0.1

369 7
r*

39.4 ± 1.5 50 t 1 -35 4 2 1.8 4 0.1 3.7 4 0.2

TT~ 40. S ± 1.6 49 ± 2 -38 ± 1 1.8 4 0.1 3.6 4 0.

1

419
+

7T 48.1 ± 6.1 54 4 1 -39 4 2 2.9 4 0.4 5.3 4 0.7

TT~ 46.2 ± 1.7 S3 * 2 -39 4 2 2.7 4 0.1 4.9 4 0.2

469 n 56.5 ± 1.4 67 ± 2 -34 4 1 3.3 4 0.1 5.3 4 0.2

7

r"
59.7 ± 2.0 63 ± 1 -40 4 2 3.4 4 0.1 5.5 4 0.2

519 7T
+

53.3 i 4.2 62 ± 3 -28 4 5 2.9 4 0.3 4.3 4 0.4

7T~ 58.4 t 1.4 70 i 1 -44 4 1 3.4 4 0.1 5.0 4 0.1

569 rr
+

65.4 ± 0.2 82 ± 2 -40 4 1 3.3 4 0.1
'

4.5 4 0.1

7r“ 64.3 ± 2.3 74 ± 2 —44 • **

3.4 4 0.1 4.8 4 0.2

619 7

r

+
63.9 i 3.2 65 4 1 -27 4 1 2.8 4 0.1 3.7 4 0.2

7T~ 64.2 ± 2.6 75 4 3 -37 i 2 3.1 4 0.1 4.1 4 0.2

669
+

77 88.8 ± 2.7 104 4 5 — 4 7 ± 4 3.5 4 0.1 4.3 4 0.2

7T~ 67.3 ± 0.9 83 4 1 -35 4 1 3.1 4 0.1 3.7 . 0.1

719 100.8 ± 1.1 106 ± 2 -42 4 1 4.0 ± 0.1 4.5 4 0 1

7T~ 75.5 i 2.8 96 4 2 -42 4 3 3.6 r 0.2 4.1 4 0.2

769 7T* 72.6 ± 1.4 103 4 2 -38 4 1 3.7 4 0.1 4.1 4 0.1

TT~ 66.2 ± 0.9 106 4 1 -41 4 1 4.4 4 0.1 4.S 4 0.1

S19 ** 86.7 ± 3.3 122 i 6 -43 4 5 6.2 4 0.3 6.5 4 0.3

TT~ 66.4 ± 4.5 124 4 10 -52 ± 5 6.4 4 0.5 6.3 4 0.5
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H. J. v.Eyss, H. Schier and B. Schoch ELEM

PICNS-73, Vol.II, p. 989 (1973) Asilomar
G

!
REF. NO.

!

S

73 Ey 2

12 6

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECT 0 R
ANGLE

type range TYPE RANGE

G ,N ABX 64-123 D 64-123 TOF-D DST

Fia.I: C ros s -s ec t i ons for photoneutrons from L
*C. The width of the peak

observed, corresponds to the incident photon-spectrum. The errors
shown are statistically.

IH tv. /-I A-O «f

USC OMM-N 8S-0 C
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H. J. von Eyas and G. Luhrs
ReF

Z. Physik 262, 393 (1973)
ELEM. SYM.

G

A

12

2

6

METHOD REF. NO.

73 Ey 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN SPG TTTR- 2?Jl G 2 TL. T0F-D 90

S n ( MeV I

Fig. 8. Comparison of the shape of the high-energy pan of the photoneutron spectra

from C, Al, Cu, Cd and Pb. These measurements were performed with the same
/-shower spectrum, produced in a 0.3 cm thick lead sheet (see Fig. 2 b). All spectra

were fitted to the value for carbon at £, = 100 MeV. The values predicted by a quasi-

dcuicron model (solid lines), which arc also fitted at £,= 100 MeV, were calculated

with the parameters (defined in the text): £b
= — lOMcV, £well=30MeV and

C'L= 19.0 for different impulse parameters a=I00, 120, 140, 160 and 180 MeV/c

Fig. 9. Dependence of the production cross section on the mass number A with the

neutron energy as parameter, measured at £e
= 234 MeV. The /-quanta were produced

in a 0.3 cm thick lead sheet (see Fig. 2b) in front of the target of mass number A. The
solid lines are fit curves through the measured values. The dashed lines are values

calculated using a quasi-deuteron model with the parameters (defined in the text):

£„= — lOMcV, £wen= 30MeV, a= 140 MeV/c and C'£=19.0. The dotted curve

represents the dependence .YZM, fitted at .4= 12, The error bars correspond to the

statistical error

NEUTS E ABV 12 MEV

(over)
FORM N3S-418
REV. 7-14- <541
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E n ( M*V

)

Fig. 10. Neutron yield from targets of mass number A relative to carbon, measured at

£t
= 234 MeV. The target arrangement is that of Fig. 2b. The solid lines are fit curves

through the experimental values. The dashed curve shows the energy dependence of

the ratio of the nuclear absorption factors /a (Pb)//a (C), taken from Fig. 6. The error

bars correspond to the statistical error
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N.V. Goncharov, A. I. Derebchinskii , 0. G.

ref. S.G. Tonapetyan, and V.M. Khvorostyan
Yad. FIz. 17, 242 (1973)
Sov. J. Nucl. Fhys. 17, 124 (1973)

METHOO

Konovalov,
EL EM. SYM. A z

G 12 6

REF. NO.

73 Go 5 hmg

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPC R AN GC TYPE RANGE

ANGLE

G,PI+ ABY 170-400 C 400 BBL-D 90

G,PI- ABY 170-400 G 400 BBL-D 90

G,P ABY 86-400 G 400 BBL-D 90

FIG. 4. Charged pion yield vs. the mass number of the nucleus: •—
E
t » 105 = 10 MeV, O-E, = 85 ± 10 MeV, C-E, =» 65 l 10 MeV.

FIG. 3. Energy spectra of protons, E™2* = 400 MeV, 9^ = (90 t ?)
3

Cinrles-present data, tnangles-from [“J.

1S
P. Dougan, ML Stiefler, LUSY Preprint,

1001-1003, 1970.

form N3S-4I8
P EV . 1 a. 44)
J5COMM.OC 26 C10.P64

(over)
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proton yield (3) vs. the mass number of the nucleus.
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Stanley S. Hanna
PICNS-73, Vol . I, p.417 (1973) Asilomar

EL EM. SYM.

12

REF. NO.

73 Ha 15 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 22 (22.5) D 7 (7.20) NAI-D 90

Table IV. Summary of cross section measurements for (y,pQ ) and (y,n0 ) reactions on
4He, 12C, and 160. Underlined values are essentially the consensus of
several values.

c
“x

a (Y/P ) in mb a(y,n ) in mb

(MeV) New
a

^ Old Hew Old

4
Ke 26.0 1.95 + 0.13 1,84

C)
1^0

C)
i.o

d)

12
c 22.5 12.2 •f 1.2 12.4

a)
,3.0

f) ^og)
s.o

h)

16
o 22.2 9.6 ± 1.5 3.3

L)
,12.2 3) ~ 7.2

k)
9 .

i

n)
,7.2

a) Ref. 25 e) Ref. 34 i) Ref. 39

b) Refs. 30-32 f) Ref. 35 j) Ref. 40
c) Refs. 22-24 g) Ref. 36,37 :<) Ref. 41
d) Ref. 33 h) Ref. 33 l) Ref. 42

form N3S-418
JR EV. 7-1 4-o4»

(over)
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REF.

METHOD

F. H. Heimlich, E. Roessle, M. Koebberling,
K. H. Schmidt, D. Wegener, D. Zeller, J. K.

J. Bleckwenn, H. DInter
PICNS-73, Vol.II, p. 891 (1973) Asilomar

J. Moritz,
Bienlein,

EL EM. SYM. A z

c

REF. NO.

12 6

j

73 He 8 egf

RESULT EXCITATION SOURCE OETECTOR
ANGLEREACTION ENERGY TYPE RANGE TYPE RANGE

E,E/P ABX
*

1 D 2* 3 MAG-D 15

Fig. 2 Momentum distribution of the

residual nucleus extracted

from quasi-elastic electron
12scattering from C. The four

momentum transfer to the pro-
2 -2

ton was a = 10 fm . The re-

coil protons were detected in

the range of 52° 5 8^ and

-15.5° £ O
p

1 +15.5°'.

* 5,GEV

Fig,l Spectrum of the scattered electrons.

The solid curve is a fit to the experimental points using calcula-
tions bv Devanathan for quasi-elastic scattering, the model of

7
Gucbrod and Simon for the A ( 1236) resonance, and a Wocds-Saxon wave

function for the LC
C nucleus including short range correlations.

rOdw N3S-418
^EV. 7-1 4.641
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REF.

METHOD

H. Hiramatsu, T. Kamae, H. Muramatsu,
and Y. Watase

Phys. Letters L4B , 50 (1973)

K. Nakamura, N. Izutsu, EL EM. SYM. A

G 12 6

ref. no.

73 Hi 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/P SPG 0*70 D 700 MAG-D UKN

* SEP ENERGY RANGE

?OBM N3S-418
|R EV . 7-I4.A4I
USCOMM-N93-OC 338

fig. 1. Separation energy spectra. The solid curves show the DWIA results with the Woods-Saxon potentials. In a), b) and c) the
dot-dashed curves represent the DWIA calculation with the harmonic oscillator potential civen in ref. [5|, and the dashed curves
show the multiple collision background calculated by the Monte Carlo method.
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J.w. Jury, J.S. Hewitt and K.G. McNeill
PICNS-73, Vol.I, p. 157 Asilomar

EL EM. SYM.

C

A

12

z

6

METHOD REF. NO.

73 Ju 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,N SPG 18- 28 G 23- 31 TOF-I DST

Data fitted to Legendre polynomial £ a p (cos6),

a determined to be zero.
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REF. I. Linck and L. Kraus
PICNS-73, Vol.II, p. 929 (197 3) Asilomar

ELEM. SYM.

12

METHOD

73 Li 1 egf

REACTION 9ESUUT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE,G ABX 27- 35 D 1- 11 NAI-D DST

H£=HE-3

jj-li'b/vl

38^3h»,5 ft
»

1 1 *

‘
*

. j

9.90*
1 • i »

‘ *»-
:

‘T. *i

t *

I Vi .

f
'
l -i* *2

S 4 »i

n
• ;

i

V ?

*

* *0

Ej*. IhmI

fig- 2 . Excitation curves for Y »Y »
o 1

and Y
2

» ac 9“90° and for bombarding

energies ranging from 1.5 to 11 MeV.

£igj_3. Angular distributions for

~orm H3S-418
(REV. 7-14-64)
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J.R. Moreira, E. Wolynec, G. Moscati
ref. PICNS-73, Vol. I, p. 165 Asilomar ELEM. SYM.

G

A

12

z

6

METHOD REF. NO.

7 3 Mo 9 hmg

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY 18- 39 C 18- 39 act-i 4PT

E.N RLY 18- 39 D 18- 39 act-i fr.PT

Y
•

YIELD/PHOTO/ELECTRO

1. W.C. Barber ,Phys . Rev . 1 1 1 (
1 953) 1 642 (other ref. to previous work to be

found in this article)
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;r ev. 7.1 4- 44 >
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PICNS-73, Vol.I, p. 155 Asilomar EL EM. SYM.

12

REF. NO.

73 Na 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

S G ,N NOX 22- 31 G 30.64 TOF-I DST

POLARIZED G. S. NEUTRONS

See figure on reverse side.
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B.D. Anderson, M.R. Dwarakanath, J.S. Schweitzer, and
A.V. Nero

Nucl. Phys. A233 , 286 (1974)
CL EM. SVM. A Z

METHOO

C 12

REF. MO.

6

74 An 7 egi

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE HANOI TYPE RANGE

P,G LFT 16 D 1* NAI-D 90

Abstract: The partial widths of the second T — 1 state of l2 C, at 16.11 McV excitation energy,

have been determined by measuring the “B(p,-/) and "B(p, at) cross sections at the --

163 kcV resonance corresponding to this state. These measurements result in the new values

of P? = 31.7 — ! .8 cV and /"
v = 21.6 — 3.3 eV, for the partial widths of this state; approximately

3 times smaller and larger, respectively, than the present values in the literature. The new
result for the proton width eliminates a serious discrepancy found in an earlier comparison

of the partial widths of the T = 1 analogue states of the A = 12 system. Measurements were

also made of the “ Bid. n)' :C* reaction to compare the proton widths of the 15.1

1

and 16. 11

McV T = l states; these measurements confirm the new, smaller proton width for the 16.11

McV state. An attempt was also made to determine the -/-width of the 16.11 MeV state by

measuring the /-branching ratio in the 10 B( 3 He, p)
IJC*(y) llC reaction.

* 1=220 KEV

I NUCLEAR REACTIONS “B(d.n), £= 6 MeV; measured <r(£„, 0): “B ip,-/),

(p. a), E -- 163 keV; measured l0 B( J Hc. p->). E = 2.2 McV; measured py-coin.
1JC levels deduced L\. l'

y , S.

Table 3

u B(p,y) results for 163 kcV resonance

taken

(kcV)

C.X

C"b)

Present work 336il09 6.7 125=16

Huus and Day *) 738= 113 5.0 153=24

•) Ref.
7
).

^T. Huus and R.B. Day, Phys. Rev. 91 (1953) 599

•ow M3S-4II
REV. 7- I4.MI
USCOMM-OC 2*0 1 0. P64 PHOTONUCLEAR DATA SHEET 344

U.S. OEPARTMENTOF CCMMEPCe
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ref. G. Baroni , S.D. Liberto, S. Petrera and G. Romano

Nucl . Phys. A231 , 521 (1974)

EL EM. SYM.

C

A

12

z

6

method REF. NO.

74 Ba 15 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.FRG RLY THR - 999 C 800-999 TRK-D DST

999=1 GEV FRG A, 6-11

Measured Be/Li and B/Li yield ratios at 8 00 and 1000 MeV

Angle (deg.) 300 MeV 1000 MeV

Be/ Li B/Li Be/ Li B/Li

10 0.30 £0.08 0.07 £0.04 0.33 £0.05 0.04 £0.01

:o 0.49-0.13 0.07 £0.04 0.32 £0.05 0.03 -0.01

30 0.44 £0.07 0.03 =0.01

40 0.45 £0. 12 0.02 £0.02 0.38 £0.07 0.03 -0.01

50 0.32 £0.06 0.04 -0.02

60 0.23 £0.08 0.02 £0.02 0.28£0.07 0.02 =0.01

70 0.29£0.11 < 0.03 0.24£0.05 0.01 -0.01

SO 0.25 £0.05 0.01 -0.01

90 0.24£0.I0 < 0.03 0.1 9 £0.04 0.01 -0.01

mean 0.34£0.04 0.036-0.012 0.31 —0.02 0.025 = 0.003

Table 3

Lab energy and momentum intervals of the identified nuclei and related yields for the 1000 MeV irradiation; fitted values of the mean velocity ft’i|/r)

of the hypothetical emitting nucleus and slopes (To*) of the c.m. energy spectra

4
Li+ 7

Li
s
Li *)

7
Be 9 Be S B 1 °B4- 1

1

B “)

T(MeV/V) 1.1 - 1.8 0.7 - 1.7 2.0 - 3.0 1.9 - 2.8 2.5 - 4.5 2.4 - 4.0

FIMeV/c) 300 - 380 290 - 450 430 - 530 540 - 650 550 - 740 670 - 870

Angie (deg) yields (particles/msr)

10 740£30 76£ 10 82£ 1

0

1 8£4 2£l 22±4

20 690 £30 87±ll 84£ 1

1

1 6 £4 6£2 12-3

30 650£30 65 £ 8 1 00£ 1

3

!0£3 1 ±1 9-2

40 690 £40 65£ 9 87 £ 1

4

20-4 2£l 12 = 3

50 630-30 54 £ 9 82£!2 16£4 2— l 12 = 4

60 6I0£40 49£ 8 80£ 14 9 £3 2£ 1 6= 2

70 5 60 £30 49£ 7 62£ 10 1 2£ 3 0.7 £0.7 9 £ 2

80 470 £30 47£ 5 46£ 8 8 £2 0.4£0.4 4£ 1

90 400 £20 35£ 6 35£ 6 3 — 1 < 0.6 4£2

»i|/c( x 10 3
) 4.5 £ 0.6 6.4 £ 1.1 11.5 £ 2.3 6.7 £2.0 8.5 £2.0

T0 *(MeV//V) c
) 0.52£ 0.02 0.48 £ 0.03 1.12— 0.12 0.48 £0.08 0.48£0.07

') Corrected for efficiency.

") Assumed as 10 B in the calculations.
c
) Assuming the c.m. spectrum d J .V/d.Q*dT* s exp (— T*JTa *).
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Fig. 4. Angular distributions of Li, Be and B at 1000 MeV; the data collected for each isotope

correspond to the quoted segments of energy spectra.

Fig. 3. Energy spectra of the quoted isotopes in the c.m. of the emitting nucleus from the 1000 MeV
irradiation. Each group of points marked with the same symbol refers to data collected at different

angles (10° to 90°) in the same lab energy interval. The results of a best fit on the emitting nucleus

velocities and on the slopes (T0 ‘) of the energy spectra are given in table 3.
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METHOD

ELEM. SYM. A Z

J. Mougey, Phan Xuan Ho,

Wagner
G 12

REF. NO.

6

7A Be 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,EP ABX 10* 60 D h97 MAG-D DST

The reaction {2C(e,e'p) at 497 MeV in conjunction with a distorted-wave impulse-ap-

proximation analysis was used to determine kinetic and separation energies of bound pro-

tons. The spectral function for separation energies less than 74 MeV provides only half

of the total binding energy; i.e., the data do not satisfy Koltun’s sum rule. The momen-
tum distributions are compatible with elastic electron scattering.

*MISSING ENERGY ME7

3
CS
o

L '

3b

L

0<k<60MeV/c

s

a- -

2-

MISSING ENEPGY(m-v)

FIG. 1. A “spectrum” (see text) of the reaction
12C (e,e‘p) with (solid line) and without (dashed line) ra-
diative corrections. The cross section is zero wi thin

the error bars for 64<E n < 74 MeV.

FIG. 2. Recoil momentum distributions in differen:

regions of separation energies. The DWIA { solid line

and PWL4 results (dashed line) were normalized ov
least-squares fits to the data.

TABLE I. Occupation numbers n, average kinetic energies (D, and separa-
tion energies <£*,). All energies are in MeV.

Energy
region Experimental results* DWIA corrections Corrected values

( MeV) n <r> V n <r>

15-25 1.7 16.3 16.9 0.66 2.14 2.6 13.4 16.9

25-74 0.56 11.5 33.7 '±s
l/> 0.52 1.35 1.1 13.4 33.7

15-74 3.7 16.9 23.4

*The estimated relative error is 20% for n\ the statistical ones are 3% for

(T) and 1.5% for <£„).
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^

ELEM. SYM.
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74 Bo 14 hmg

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLEREACTION result

TYPE range TYRE RANGE

G,PI+ SPC 150-345 C 345 EMU-D
" d3T

G, PI~ SPC 150-345 C 345 EMU-D DST

G,P SPC 46-345 c 345 EMU-D DST

Energy spectra of charged pions and protons have been measured at angles of 30, 60, 90, 120, and
130* in the laboratory system for a bremsstrahlung maximum energy of 343 MeV. Charged pions

with kinetic energies from 10 to 100 MeV and protons with energies from 30 to 160 MeV emitted

from C'
2
nuclei were detected by the emulsion technique. The differential cross sections for

photoproduction of protons agree with calculations according to the cascade model. For pions the

agreement is poorer.

.
Tr

FIG. 3. Energy spectra of photoprotons from Cn for a brems*

strahlung maximum energy 345 MeV. Hollow circles — data of the

present work, solid circles — data of Kim et iL( 15
] , triangles — ref. 14,

squares - ref. 13. The stepped line is a calculation according to the

cascade model, and the smooth curve according to the quasideuteron

model; the dashed lines show calculations by Gabriel and Alsmiilerl 2
1

according to the cascade model.

FIG. 1. Energy spectre of charged pions from C 12 for bremsstrah-

lung maximum energy 34S MeV: Circles - r* mesons, triangles - tt'

mesons, from the present work; squares — ir* mesons from ref. 1 1.

The stepped line shows the t
4,

energy spectrum calculated with the

cascade modei

d l Q / crj*

dnjr, i '
.
jt-m.v-q

FIG. 2. Angular distribu-

tions of photoprotons with

kinecic energies T
p
= 155 MeV-

emitted from C 12
for brems-

strahlung maximum energy

Eo = 345 MeV (hollow points);

the solid points are data of

Kim et al.[
is

j at T„ = 155

MeV. E, = 335 MeV. The
designations of the curves are

the same as in Fig. 3.

~

o

rm *35-4 18
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USCOMM-N BS-OC PH0T0NUCLEAR DATA SHEET 348

(over)

J.S. (DEPARTMENT OF COMMERCE
NATIONAL BUREAU C - 5TANCAR05



r

i

a

10

11

12

13

It

13

T. A. Gabriel and R. G. Aismiller, Jr., Phys. Rev.
182, 1035 (1969).

J. M. Peterson, W. S. Gilbert, and R. 3. White, Phys.

Rev. 81, 1003 (1951).

D. Luckey, Phys. Rev. 97, 469 (1955).

T. R. Palfrey, B. M. K. Nefkens, L. Mortara, and
F. J. Loeffler, Phys. Rev. 122, 1323 (1961).

S. Kabe, S. Kato, T. Kifune, Y. Kimura, et aL, J. Phys.
Soc. Jap. 19, 1800 (1964).

N. V. Goncharov, A. L Derebchinskii, O. G. Konovalov,

S. G. Tonapetyan, and V. M. Khvorostyan, Zh. Eksp.
Teor. Fiz. 64, 67 (1973) [Sov. Phys.-JETP 37, 38

(1973)]

.

B. T. Fedl, R. D. Godbole, A. Odian, F. Scherb, P. C.
Stein, and A. Wattenberg, Phys. Rev. 94, 1000 (1954).

R. J. Cance and B. J. Moyer, Phys. Rev. 122, 1634

(1981).

Y. S. Kim, F. F. Liu, F. J. Loeffler, and T. R. Palfrey,

Phys. Rev. 129, 1362 (1963).



F. E. Cecil, L. W. Fagg, W. L. Bendel, and E. C. Jones, Jr.
Phys. Rev. C9, 798 (1974) 12

METHOD REF. NO.

74 Ce 4 fang

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYPE RANGE
ANGLE

E,E/ ABX 12- 15 C 50 MAG-D 180

G-WIDTH OF 12,71 LEV7

The ground-state magnetic dipole transition width of the 1* level at 12.71 MeV in 12C has

been measured to be 0.35± 0.05 eV. This value is used to calculate the total width of the level

based on a previous measurement of the relative ground-3tate y width. A total width of

14.6*2.6 eV is thus calculated. A model-dependent measurement of the isospin mixing be-
tween this level and the 15.11-MeV level yields the values 3 = 0.19 * 0.01 or 0.05*0.01.

IS IS 14 13 12 ||

EXCITATION ENERGY (MeV)

FIG. 1. Spectrum of electrons ineiastically scattered

at 180’ from l:C.
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ELEM. SYM.

12

METHOD REF. NO.

74 Di 7 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

G,2 P3N ABY THR* 1 c 300* 1 ACT-I 4PI

“V. di Napoli, A.M. Lacerenza,
F. Salvetti, H.G. de Carvalho,
and J.B. Martins, Nuovo Cimento
Lettere 1, 835 (1971)

.

18
V. di Napoli, D. Margadonna,

F. Salvetti, H.G. de Carvalho, and
J.B. Martins, Nucl. Inst. Method. 93 ,

77 (1971).
20

V. di Napoli, F. Dobici, 0. Forina,
F. Salvetti and H.G. de Carvalho, Lett.
Nuovo Cimento 55B , 95 (1968) .

21
V. di Napoli, Nucl. Inst. Meth. 69 ,

155 (1969).
22

V. I . Noga, Yu.N. Ranyuk, P.V. Sorokin,
and V. A . Tkachenko, Ukr. J. Phys. 16 ,

1850 (1971) in Russian.

1=1 GEV

Fie. I. Cross section per equivalent quantum o-g vs the

brerasstrahlung maximum energy. Curve a is an eye-fit of

the present work values (open circles) for the reaction
23 Naiy. 2p 3n)‘

S
F. Curve b is an eye-fit of the present work

values lopen triangles) and the values taken from Ref. [2]

(filled triangles) for the reaction
27
AI(y, 2p 3n)

22 Na. Curve c

is the best-fit of the present work values and values taken from

Refs. '13. 20-22' for the reaction l2
C(y. 2p 3n)'Be; for the

sake of simplicity, experimental points have not been

reported. Curve d is an eye-fit of the present work values

(reversed open triangles) for the reaction
l6
0(y, 2p 3n)‘

:

C.

FORM N3S-413
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EL EM. SYM.

12

REF. NO.

74 Do 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XP ABX 100-999 C 125-999 TEL-D DST

Tables of yield curves are given. 999=1 GEV

: ii
_ NT---.

1

I
I. T.r I r t r ,

L-
1

1

1

1

1
JL_4_

iPPq'F H-ij* -i

I

1 1 1 \ 1 1

•00 2C0 3C0 400 500 600 XO SCO 900
Phctcn energy [Mev]

Fig. 3. Ratios of the experimental yields of protons of 82 MeV from

carbon and 86 MeV from beryllium at 40° laboratory. The curves

are the ratios of 4th-order fits aQ (full line) and <r, (dashed line) as

defined in the text

Antuf ' ev,Yu.P
. , Agranovich, V.L. , Ganenko , V . B .

,

Kuz 'inenko, V. S .

,

Miroschnichenko , I . I . , Sorokin, P . V.

,

Sanin, V.M. : Sov. Jour. Nucl. Phys. 9,538 (1969).

Fie. 1. The results of unfolding 4th-order tits to t!;c >ields ot proton

at 40° and 70° lab from carbon. The vertical and horizontal bar

indicate the mean photon energies and the photon energy resoi-

ttons which would be given by kinematically similar measurement

of n J-photoproduction from hydrogen

Fig. 2. Comparison of the yields of

protons of energy 99 MeV at 40° lab-

oratory (this experiment: open circles)

wuh the yields of proton of energy

97 MeV at 30° laboratory (Ref. 5: full

circles). The vertical arrows indicate

the mean photon energies for detect-

ing protons from tr°-photoproduction

from hydrogen for identical ktnemati-

cal conditions papt>'£.jt ~ t

35Z

(over

)

40C



Photon energy [MeV;

Fig. 4. Ratios of the experimental yields at 40° and '0° laboratory

from carbon for two proton energies. The curves are the ratios of

4th-order fits <ra (full linel and <rv (dashed linel as defined in the text.

The curves for the other proton energies are similar. The vertical

and horizontal bars are as in Fig. 1
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Sov. J. Nucl. Phys. _19, 242 (1974)

REF. El. EM. SYM. A Z

METHOO

G 12

REF. NO.

6

74 Ep 2 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE-

TYPE RANGE

G,PI- ABX 150-375 C 120-375 ACT-I 4PI

FIG. 1 FIG. 3.

FIG. 2. Yield curve of the reaction 12 C(7,*~)
12 N per equivalent quan-

tum.

FIG. 3. Toul cross sections for the reaction 12 C(7 , tV 2 N.

-CRM NSS-418
i
R E V . -.1 A.SA1
_ISCOMM.CC 260 1 0* P64
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D.J.S. Findlay, S.N. Gardiner, J.L. Matthews, and R.0. Owens

REF .
J.Phys. :Math. , Nucl. Gen. 7_, L157 (1974) EL EM. SYM.

c

A

12

z

6

METHOO REF. NO.

74 Fi 6 egf

REACTION result excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XP ABX 0- 20 D 60-100 MAG-D DST

i^("B)!MeV)

“i
' ! ' 1

!

' 1 !
'

!

20 :Q 0

I0
1-

; u i ,•

:

/ i

40

figure 1. The pro'.on spectrum from the
12
Ciy. p) reaction for E, = 60 — I MeV. f

p
(lab) — 45'

Ti.c excitation energy in the residual nucleus.
11

13. is shown, and arrows indicate the low

lying states.

,~Z
r

9
}

t deg

)

figure 2. Angular distributions, fdrr/dn^,,, against (.'),,J£in , at: (<:) £, = 60 MeV. (/>) SO MeV
and (r) 1 00 MeV for the 1

“Cfy. p) reaction leading to "3 states below 7 MeV excitation,
mil circles: ground state and 2 1 MeV state only: open circles: ail states below 7 MeV.
The errors shown are purely statistical: an additional systematic uncertainly of ±10%
is estimated. The theoretical results of Wcisc ( I V) 7 2, private communication) are as follows.

Cut vc I: plane-wave approximation for outgoing protons. Curve 2: a continuum wave-
function in a complex energy-dependent Woods-Saxon potential for the outgone protons.
Curse j( 3). initial- and final-state correlations simulated hy a Jastrow correlation factor
corresponding to a Gaussian momentum-exchange distribution of width </c = 100 MeV c
centred at </ £ = 300 (350) McV/c (otherwise like curve 2). The initial-state wavefunction*
are calculated in a Woods—Saxon well chosen to reproduce the experimental separation
energies, except in the plane wave calculation for which harmonic oscillator wavefunetions
were used.
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REF. NO.

74 Sc 8 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABX 50-150 D 63-150 T0F-D DST
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i

i
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nl ! r;
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i 7 eld

•OO-j
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°0
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Fig. 4. Measured neutron yield. Tlie data selected here qualitatively show the energy and angle

dependence of the processes under investigation.
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EL EM. SYM.

12
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REF. NO.

74 Sc egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 10. Cross section for the uC(x.n) reaction. The solid lines are calculated using the modified

quasi-deuteron model of subsect. 3.5.
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7*+ Sh 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE ,G ABX 28- 45 D 3- 24 WAI-D DST

HE=HE3 . 4 LEVELS

30
Eex (MeV)

40 45

FIG. 9. 9C* differential cross sections for the reaction 3Be<3He. y0)
1jC. Points represented by x’s were obtained with

a thinner target. Error bars include only statistical errors.

m 15. Angular distributions of the reaction 3Be(3 He.y
0 )

1JC. Data are shown as bars, the height of tvhich. represents
statistical errors. The solid lines are Legendre polynomial fits, dtr/dP. = 2*.

fl
(cose cjnJ. Units are arbitrary.
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J.P. Coffin, W. Scholtz, D.A. Bromley,
Phys.Rev. C3, 53 (1972).

7

R. G. Allas, S.S. Hanna, L. Meyer-Schutz-
meister, R.E. Segel, Nucl. Phys. 58 ,

122 (1964).

TABLE IX. Average cross section of radiative capture reactions in
l2C and their ratios.

Reaction Energy Average 90* differential cross section

range y3
decay y t

decay yz
decay Yj decay

(MeV)

“Bfp.ypC 20—23 * 3.3 3.0 30.02 b ...

28-35 e
0. 33 1.S3 «0.1S 0.32

3Be( 3 H8.y)uC 28-35 d 0.11 0.13 0.087 0.53

l0B(d.y)
12C 28-33 d <0.003 <0.005 ... ...

Ratios of cross sections over the energy interval 23-35 MeV

__cr(
5Be< 3He,yn)

12 C] . „
r‘=e(“3(p.y^cT

3l/11 - 8

_ot
133(d.yg )

12C; T

_ o(
uB(p.y.)‘2

Cl ,

r
»“<r[ iIB(p.y7Jci

U75

_ q(
u
B(ft , y,)

12 C] _ „ ..
r

'2
a(

ll 3(p.y0V-Cl
°-

ru
o(

11 B(p.y0)‘-Cl

_ <7(
3Be(3 He,y-) 12C]

7-21
j[

3
-Ee( JHe.y

c )

12
Cl'

_qf
8Be( 3 He,y-.)

t2
CI

r’-2 qfBe(J He,y0 )

-4 C]

=1.54

0.79

_ cri
3Be( 3 He.y-) i2 Cl

Y 'a q(''Be(
; He, y.v^C]

BIG. 21. Total cross section and anisotropy coeffi-

cients for the reaction 3Be(3He,y0)
12
C. Shown are the

results of fitting the 3Be(3He,yc)
l2C angular distributions

with da/effi = (o/4t)[1 +J2 (cosS)] . Errors are

wholly statlsticaL

* Data of Allas st al . (Ref. 7) normalized to those of Brassard (Ref. 6) by factor of 1/1.3.

b Data of P. Paul, private communication.
c Data of Brassard (Ref. S).

d This work.

TABLE I. Levels identified in
:2C. Experimental energies and widths extracted from 5Bei 3 He, y)

12C excitation func-

tions. The resonance parameters for each of the three decays, y,. y t . y2 , are listed separately and, for those reso-
nances appearing in several decays, the combined values are given. All values are in MeV.

Combined
E V

y 0
decay

e r
y, decay

e r
y2 decay

e r

28.33 ±0.04 1.54± 0.09 28.84±0.04 1.53 ± 0.09 . . . . • . 23.78x0.07 1.19x0.44
30.29x0.03 1.96± 0.15 ... ... 30.29x0.03 1.96x0.15 ... ...

31.1Sx 0.03 2.10 ± 0.15 31.16±0.03 2.10x0.15 ... ...

32.29x0.04 1.32 ±0.23 ... ... 32.30x0.04 1.12x0.39 32.22x0.11 1.43x0.29

33.47 ±0.21 1.93 ±0.05 . • . * * * 33.47 2.03x0.06 33.47x0.21 1.82x0.11
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METHOD REF. HO.

74 Wh 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE-

TYPt RANOI TYPE RANGE

E.B/ ABX 0-300 D 500 MAG-D 60

See further analysis of this data in reference 79Zil QUASIELASTIC SCAT

FTG. 1. The measured quasielascic peaks; the errors on the data points do not include an over-all 3?o normalization
uncertainty. The solid curve is a fit by the Fermi-gas model which yielded kr (in MeV/c) and e (in MeV) as follows;
(a)_sU (169, 17); (b)

UC (221, 25); (c)
24Mg (235, 32); (d)

40Ca 1249, 33); (e)
M - 7 Ni (260, 36); (f)

89V (254, 39); !g)
tl8"Sm (260, 42); lh)

!81Ta (265. 42); (i)
7C8 Pb (265, 44). The fitting uncertainty in kF is ±5 MeV/c and in e it is =3

MeV. The smail-amplitude dashed curve is the s-v.ave r-production contribution, th" dot-dasltod cur\o is the ;«ob ir

excitation, and the large-amplitude dashed curve is the toiai result.
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REACTION RESULT
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ENERGY

SOURCE DETECTOR
ANGLE

type RANCC TYPE RINSE

C
t
TP NDX ?n- C 31 SCD-D 90

P SPECTRUM

>

Fig. 2. Photoproton spectrum :rom ,_C at 90®. divided by the bremsstrahl number spectrum, which was normalized to unity at 22.3 MeV.
It was assumed that ground state protons only are emitted. The experimental energy resolution is 100 koV at 20 MeV and 40 keV at 29 MeV
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Czock, H.B. Eppler, H. Glam,

Riehn, G. Sita Ram, A. Zieger,

C 12

REF. NO.

75 Ah 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTO R
ANGLE

TYPE RANGE TYPE RANGE

G,MO-T ABX 10-160 C 140-275 MGC-D 4PI

Table 2

920-*-

The moments of the experimental nuclear cross section distributions integrated from 10 MeV to the

energy £. and their statistical errors

£
(MeV)

1-2
(mb/ MeV) ±(%)

X-
(mb)

l

±(%)
Xo

(mb- MeV) +(%)
X-.

(b- MeV-4

) ±(°i)

X*>
(b - MeV J

) ±(%)

Li 100 0.196 1.1 4.64 1.0 143 1.7 5.82 3.1 305 5

140 0.197 1.1 4.79 1.0 161 1.9 8.03 3.4 577 5

210 0.198 1.1 5.03 1.0 206 2.0 16.60 3.7 2220 5

Be 100 0.192 2.5 5.19 1.5 173 2.0 7.11 3.4 362 5

140 0.194 2.5 5.33 1.5 189 2.1 9.09 3.6 600 6

210 0.195 2.5 5.58 1.5 236 2.1 17.80 3.5 2240 5

C 100 0.313 1.7 3.81 1.1 291 1.6 12.00 2.9 630 4
140 0.316 1.7 9.18 1.2 334 2.2 17.10 5 1250 7

0 100 0.580 1.6 14(50 1.3 432 2.0 16.00 4 748 8

140 0.535 1.6 15.10 1.3 508 2.5 25.20 5 1880 8

Al 100 1.10 1.8 25.70 1.5 739 2.6 27.9 5 1400 8

140 1.11 1.8 26.3 1.7 807 3.9 36.4 9 2450 16

Ca 100 2.22 1.2 45.5 1.5 1120 3.6 34.9 9 1430 18

140 2.23 1.2 46.8 1.7 1290 4.6 56.6 11 3710 19
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Fig. 4. Tnc same as fig. 2 for C.

•OHM H3S-418
REV. T.U.4II

JSCOMM-NBS-OC

Fig. 2. Total photonudear cross section for natural Li. The error bars

indicate one standard deviation of counting statistics from the main
spectrometer. The dashed lines along the abscissa indicate the uncertainty

due to counting statistics in the normalizing spectrometer. Oscillations of
the base line within this area are possible, the period of these oscillations,

however, must not be smaller than 10°<; in photon energy. The dashed
and dotted lints through the cross section values have been drawn to guide

the eye.
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ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 19- 32 D 19- 32 MOD—
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EL EM. SYM.
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12
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REF. NO.

75 Sc 7 egf

R EACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,N ABX 62- 66 D 62- 66 TOF-D DST

62.7-65.7 MEV

Table I. - jfen-sure/l cross-

responds to the maximum \

sri-tions obtained from

mine of the ditto renee

Fig. The photon

spectrum.

ojn*i‘u'Y cor-

X ucleus Photon oiiercr

(.MeV)

Excitation energy

(MeV)
d-7/d.Q (40.2°)

(;ih,sr)

dct;d O (DO
3

)

(
(xh/'sr)

10,j 03.0 ground .-^rate

0 —0.13
5.0 ± 0.75

2U.7 ± 3.1

i-C 02.75 ground state

i) -7-4.79

11.1 - 0.3

22.5 - 1.1

7.3 — 0.30

17.1 — 0.50

’Be 01.25 ground state ('.5 — 0.13

0 -r (y. up) threshold 3.4 = 0.3

0.35 - 0.1

4.1 -0.22

* ~ hross-scction for the photopiodnetion of neutrons in lsC by ^uasi-rnonochroniaUc photons. Tuc
dashed lines show the photon spectrum tilted to the ground state, die l.f'9 MeV level and two excited
levels centred at 4.55 MeV in ,l C'. The solid line gives the ='im of these levels. A calculation for the r r

, up)
reaction leads to the dashed-dotted line. f»?5.G — 32.6 > MeV, = 40.2°.

Fly. 3. - The same as Fig. 2 for 0a = 0Qa
.
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ELEM. SYM.
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REF. NO.

I

75 To 4 egf

EXCITATION SOURCE OETECTCR
ANGLER E ACTION result ENERGY TYPE PAN GE TYPE RANGE

G,PI+ ABY 150-400 C 300,400 3BL-D 90

G, PI- ABY 150-400 c 300,400 BBL-D 90

G,P ABY 96-400 c 300,400 BBL-D 90

J -

FIG. 2 . Energy spectra of protons, =* COO MeV, Slab - SO

± r*. Points: *- l5
C,

:i
0i, Y-*°Cu. o-*MTa. c-data from

ref. 5, *-*1113 from ref. 6.

4
!

FIG. 2. Energy spectra of t* and »' mesons. EJjP** " 400 MeV,
Slab r‘ 90 i 7*. The points are the same as in Fig. 1

.

FIG. Z. Dependence of yields of r
mesons 1 ,

protons 2, and the sum of r-

meson and proton yields 4 as a function

of mass number of the nucleus. The

dashed line 3 is the theory. Points: o—
experimental differential cross sections

for pions of all signs, 4—differential cross

sections for protons emitted at the same

angle Slab 3 90°, o—combined values of

these differential cross sections. The
statistical errors are shown.

PEV, 7“ t 4* 54i

The points are the same as in Fig. 1 ; u—data from ref. /.

P.C. Murray et al . , Phys .Rev . 94 , 764 (54).
c.

C.Levinthal et al . , Phys . Rev .32 , 322 (51).
7
P . Dougan et al.,LUSY Preprint 1002 (1970).
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METHOD
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ELEM. SYM. A Z

i C

I

REF. HO.

12 6

75 Wo 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE CETECTCR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY 19- 40 C 19- 40 ACT-I 4PI

RATIO (G,N)/(E,N)

FIG. 1. Measured F for The full circles and triangles refer to our measurements with Teflon and PVC
targets, respectively. Full squares are data from Ref. 7. Dashed curve Is a polynomial fit to the points. Full curves

are FpW and Fq-j predictions.
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ELEM. SYM.

12

REF. NO.

76 Be 6 hmg

REACTION RESULT EXCITATION
EN ERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PI- ABX “ 150-191
"

C 150-191 ACT-I 4PI

Y(191)« 0 . 9+0 . 2ub/0 B+ ACTIV-NITROGEN 12

The total cross section for the reaction 12
C(y,0 12N has been determined by observa-

tion of the residual 12N radioactivity. The cross section was extracted from the brems-
strahlung excitation function which was measured in the region between 3.6 and 12.5
MeV above Lie threshold, with one point 33.5 MeV above the threshold. The variation
of the measured cross section with energy is far more rapid than is predicted by calcu-
lations using the e- 5 interaction. Even when the full interaction Hamiltonian is used,
the experimental cross section rises somewhat more rapidly than predicted.
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TIG. 2. Relative yield of the 12C— 12N to the reaction
nN(y, 2k) 12n versus the end-point bremsstrahlung ener-

gy.

0 2 4 6 3 10 12 14 0 2 4 5 3 0
E- E r (MeV)

FIG. 3. (a) Yield and (b) cross section versus energy
above threshold. The theoretical curves are from
Koch (K) and from Ref. 19; curves 1 and 2 are from
Nagl and Uberall (Ref. 21). The best fit is a two-pa-

rameter fit with a step at the threshold and a linear in-

crease with energy above the threshold. The shaded

zone shows the errors in the best fit.
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REF. NO.
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ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range
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FIG. 7. Photoprotoa angular distribution coefficients deduced from the Legendre polynomial St, a3 a function of

center-of-roass excitation energy. The results from the theoretical calculations by Mshelia et al. (Ref. 26) (dashed

line) and by Birkholz (Hef. 52) (solid line) are shown for comparison.

FIG. 5. The total photoproton cross section (4»A
0 )

assuming ground-state transitions only. Also shown are

the theoretical predictions by Mshelia et al. (Ref. 26) and

hy Birkholz (Ref. 25).

25
J. Birkholz, Phys. Lett. 34B , 1 (1971); Nucl. Phys.
A189 , 385 (1972); F. Beck and J. Birkholz, in
Proc. International Conf . on Photonuclear Reactions
and Applications, Asilomar, 1973, Vol. 1, p.159.

26
E.D. Mshelia et al., Phys. Rev. Lett. 28_, 847
(1972); E.D. Mshelia and R.F. 3arrett, Nucl. Phys.
A205 , 581 (1973); Z. Phys. 261, 313 (1973).

52
J. Birkholz (private communication)
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ELEM. SYM.

12

j

REF. NO.

i 76 Ma 8 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECT O R
ANGLE

TYPE range TYPE RANGE

G,P ABX 60-100 D 60-100 MAG-D DST

Table 1

Cross Section Table given.
the excitation energy regions Ex » 0-9 MeV and 9-26 MeV in the residual nuclei

(jib/sr)

Target nucleus
residual nucleus excitation energy E

x

0-9 MeV 9-25 MeV

6
Li 5.5 +0.6 12.2 ±2.0

7
Li 9.5 + 0.8 14.7 ±3.0

’Be 31 .8 ± 3.0

12C 36.4 ±3.9

Only statistical errors are tabulated; there is an additional common systematic error of ±22 %.

Fig. 10. Angular distributions of photoprotons from 1JC at £, * 60 MeV, populating states in
!1 3 as

follows: solid circles, ground stale; solid squares, 2.1 MeV state: open triangles, (4.4+5.0+6.7) MeV
states.
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Fig. 11. Angular distributions of photoprotons from ,2C at £
7

=* 80 MeV and 100 MeV populating states

in “S as follows: solid circles, ground state: open tnangies. (4.4+ 5.0 +6.7) MeV states.
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REF.
0. Mehlig, K.H. Czock
Acta Physica Academiae Scientiarum Hungaricae 4T_, 55 (76)

cLEM. SVM.

12

METHOO REF. NO.

76 Me 12 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE type range

G ,G ABX 15 C UKN NAI-0 135

(15.11)

Tlie 15.11 MeV energy level in 13C was excited by bremsstrahlung. The scattered photons

were detected with a total y absorption Nal(TI) spectrometer set at lSa’ to the brerasstrahlung

beam The following level parameters were obtained: <7J = (1T.9 ± 0.6) barn, 1 tot — (69 _ 4) e

and (7int = (1.36 ± 0.13) mb MeV. The branching ratio to the first excited state and the

ground state is — (3.6 — 1.0)%.

Table I

Parameters of the 15.11 MeV level

IWertnc® [m MeV] a* barn
r ...» St«7

*

Fuller [1] 1.90x0.27 79x^0 1 7

Garwin [2] 2.33x0.19 29.7x1.1 64x10 0.62x0.1 3^4

Bussiere [3] 2.45x0.5 32 60x8 0 11 ^5

Schmid [4]* 1.82x0.12 32 45±i0 1

Gudden [5]* 1.79 32 35.5 - -
Kuhne [6]* 1.8x0.2 32 39±S 0.9x0.

3

present work 1.86x0.12 17.9x0.6 69±4 0.48+0.1 3. 6+ 1.0

REFERENCES

1. E. C. Fuller and E. Hayward. NBS-Report, 0255. 1959.

2. E. L. Garwin, Phys. Rev., 114, 143, 1959.

3. A. Bussiere de Nescy, Anuaies de Physique, 6, 1961.

4. H. ScnMlD and W. Scholz, Zeitschr. f. Physik, 173, 430,

5. F. Gudde.n, Thesis, Darmstadt 196 4 — unpublished.

6 H W. Kuhne, P. Axel and D. C. Sutton, Phys. Rev., 163, 1278, 1967.
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J. Mougey , M. 3ernhei~, A. Sussiere, A. Gillebert, Phan

Xuan Ho, M Priou. J . .Payer, I- Sick, G. J. Wagner

Wucl. Phys. A252 461 lr T
6)

MP-HOO =5 E F . NO.

I

76 Mo 5 ! egf

MtSSiNG ENEWfMeVl
Fig. 9. Missing energy spectra from l2C{c, e'p), i) 0 ^ F ^ 36 MeV'c. ‘b) 30 g ? ^ ISO Me v c and

(c) 0 £ * < 60 MeV c tor 10 ^ £ £ 60 MeV.
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Fig. 10. Momentum distribution from 1J
Cfe. e p); (a) 15 S £ g 21.5 MeV ana ibt 30 ^ c £ ;0 MeV

The solid ana dasnea lines represent DWLA and PWIA calculations respectively, with r.ormaiuation

obtained bv a lit ro the data.
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REF.

METHOD

N. Nakamura, S. Hiramatsu, T. Kamae, H. Muramatsu,

N. Izutsu, Y. Watase EL EM. SYM. A z

Nucl. Phys. A268, 381 (1976)

C 12 6

REF. NO.

76 Na 2 egf

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

E , E/P ABX 0* 60 D 700 MAG-D DST

Abstract: The prdton spectral function of UC was deduced by using the DWIA from the measurement of

the reaction
i:
C(e, e'p) at an incident electron energy of 700 MeV. The proton separation energy

range of Ez 5 65 MeV and the recoil momentum range of K £ 240 MeV/c were covered in this

experiment. The results were analyzed in terms of the independent-particle shell model using the

proton singie-particie wave functions consistent with the elastic electron scattering results, and the

WK3 approximation for the distorted proton wave. We also made a Monte Carlo study to estimate

the background contribution from the multiple-collision processes to the spectral function. The

results of this analysis indicate that the occupation probabilities given by the best fit to the data

are smaller than the independent-panicle shell-model values for both the Ip and Is proton states,

while the shapes of the distorted momentum distributions are well reproduced. Koltun’s sum rule

was tested taking the background contnbution into account.

* SEPARATION Z::Z?.GIn.a

The dashed curves show the contributions from the lp and Is states.

form N3S-418
(R ev. 7-1 4-aJI
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RSF - M. Turk
Flzika 8, 173 (1976)

EL EM. SYM. A ; Z

12

REF. NO.

Remarks: Bremsstrahlung filtered by 40cm of aluminum. Cross section

obtained by normal izinq to Toms (y,3ct)

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLE

ENERGY TVP® RAN GC TYPE RANGE

G,PA ABX 25- 42 C 42 EMU-0 4PI

G,DA ABX 30- 42 c 42 EMU-0 4PI

G,3A ABX 7- 42 c 42 EMU-0 4PI

t l

o

tJ. Iltl

,

H »•'

»

t 1

1

<*

»

Xb

r

EjJNWO

Fig. 3. Cross section for the reaction

lIC (y, 3a) as function of gamma ray

energy after normalizing the data (full

points) to Toms results. Squares re-

present the spread of earlier measure-

ments by various authors referenced

in Ref. 3 ’.

j."C—<r’U»p

i i •“n— 2<r'u

it

r .*n—

**

EjCM»V)

Fig. 4. Measured cross sections for reactions

(1-5) as functions of inadent gamma ray energy.

3M.E.Toms, Nucl . Phys. 50, 561 (1964)

?0«m N3S-416
IREV. 7-1 4-«4>

use OMM-N85-OC
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REF.

METHOD

V.G. Vlasenko, V.A. Gol'dshtein, A.V. Mitrofanova,

Yu.N. Ranuuk, V.I. Startsev, P.V. Sorokin, Yu.N.

Yad. Fiz. 23_, 504 (1976)

Sov. J. Nucl. Phys. 23 , 265 (1976)

V.I. Noga,

Telegin
ELEM. SYM. A

C 12

REF. NO.

6

76 VI 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 100-600 D 312-999 MAG-D 14

Ineiu tic electron scattering has bees used to measure the total hadronic cross sections for absorption of
photons with energy 130-300 MeV by nude* ofC AS. Ni, Mo. and W. The results obtained are compared
with calculations carried out in the impulse approximation.

999=1.396 GEV

FIG. 1. Spectrum of electrons
scattered by llC. The solid

curve is elastic scattering
distorted by radiation pro-
cesses. The dashed curve is

radiative quaslelastlc scatter-
ing.

0.C3 ).!

J
l

, (C*V/c»*

FIG. 3. Cross section for scattering
of electrons by the carbon nucleus,
assigned to one virtual photon.
Points: o—present work, c—Hef.
25, e data for hydrogen.

25 -

a. at a.t t.o u
f,,c.v

FIG. 4. Total hadronic crosv
section for absorption of ph»=>

tons by the carbon nucleus.

The curve Is a calculation

with Eq. (5). Points: >—
Ref. 1, •—present work, o—
Rei. 4.

f

50 WO 'SO A

FIG. S. The ratio arjA<Tyf as a
function of A for 4 = 0.32 C-eV.
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REF. Y. Watase, S. Homma and T. Kitagaki
J. Phys. Soc. Japan 40, 1531 (1976)

EL EM. SYM. A

12

method REF. NO.

76 Wa 3 egf

reaction result excitation
energy

SOURCE OETECTOR

G,PI + ABY 140-250 250 MAG-0 90

G,PI- ABY 140-250 250 MAG-0 90

Tn ( MeV)

POBM N3S-413
Cv. 7-1 Am 441

use OMM»N 0 5-0 C

from C, AI, Ca, and Cu at 90 ;
in the labor~torv

-i-l

Fig. 2. The energy spectra of photoproduced _ .. ^ fciiv kUKJ^ L kkJV

system by 250-VteV bremsstrahlung. The data of Ca are normalized to 0.26 p-b steraa
'de\ *‘Q* 1 for - T at 35 MeV. The solid curves are the calculated spectra of r* bv a theor
tica! model. -379
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Fig. 3. The ratio as a function of the kinetic energy of pious produced from C, Al. Ca.
ard Cu by 250-NleV bremsstrahlung. The solid curve in t.u is tlie calculated energy spec-
•rv.m of ratio including the Coulomb potential for C. The dashed curve is the ratio

calculated neglecting the Coulomb potential.

Fig. 4. The A-dependence of the cross
sections at the pion kinetic energies of -20 MeV',
~ 35 MeV, ~50 MeV and -70 MeV. The solid

curves show the relative A-dependence obtained
from the theoretical calculation. The dashed
lines show A : 3 dependence onlv for "uidin"
eyes.
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ref. e. G. Adelberger, R. E. Marrs, K. A. Snover , J. E. Bussoletti Ielem. sym.

Phys. Rev. C15 , 484 (1977)

12

77 Ad 1

R EACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT 16 D 0 SCD-D 45

(16.11) (.163)

-

y-ray decays of the 12.7 and 16.1 MeV states of
1JC are investigated in a coincidence study of the

' aB('He,py) STATE AT 16.11 1-ll.

reaction. We obtain r y0/T = (1.93 * 0.12)%, r 7l/T 70 = (15.0± 1.8)% and T./T = (97.8 ±0.1)% for
1J
C(12.7),

and r r ,/r = (Z42±0.29)x 10~ J
for

i:
C(16.1). Relative y-ray branching ratios of 1J

C(16. 1) were measured
using the £, = 163 keV u B(p,y) resonance. We find r r0/T Tl = (4.6±0.7)%, T

t ( 1 6. 1 —>9.6)/T 7 ,
= (Z4± 0.4)%,

and T7(16.1 ± lZ7)/r 7l = (1.46 ± 0.25) %. This information, together with existing data on .Vf 1 transitions and
single nucleon transfer reactions, is used to determine the isospin mixing between the 12.7 and 15.1 MeV
levels of 1J

C. A charge dependent matrix element of 110 ±30 keV is deduced.

TABLE I. Decay properties

12C (1 2.7)

rr./r = u.93±o.i2)xio-21

rT /r7 =o.i5o±o.oi8‘r
l

r0

r„ = (17.7 ±2.8) eV*

r
7()

= 0.35±0.05 eV e = 0.008 W.u.

r
ri

=0.053 ±0.010 eV^ 0.005 W.u.

of the 12.7 and 16.1 MeV states of
12
C.

12
C(16.1)

T = 5.7 s0.5 keV*

Tt /T = (2.42±0.29)x lO*
3
*

gasss—**"*-

rril6.1-12.7) = 46±Q25
-

rr ll6. 1 — 4.4)

rrU6.1 — 0.0) = -0.75 ±0.16) eV = 0.53 W.u.

ry(16.1
— 4.4) = (16.2±2.3) eV = 0.49 W.u.

rr il6.1
— 9.3) = (0.39±0.09) eV = 4.0xl0'3 W.u.

rr(16.1— 12.7) = (0.24 ±0.05) eV = 0.29 W.u.

‘This work.

“Assuming ra * rT0 * rTl = T.

“See Ref. 6.

1% = (27.2 ±4.2) eV c

“Combining Ref. 6 and present work.

’See Ret. 21.
! See Reis. 21, 22 and present work.

TABLE n. Comparison of A = 12 electromagnetic observables with theory.

Transition

Expt.

Tr (eV)

Theory A *

I\ (eV)

Theory B

r 7
(eV)

l2B(0.9S— 0.00) (2.19 ±0.24) x IQ
-3 “

1.71 ±10' J 2.32 ±10'
* I2C(16.11— 0.00) 0.75 ±0.16 c 0.607 0.607

I2
C(16.11— 4.44) 16.2 ±2.3 C

11.3 11.8
l2
Cll6.11— 12.71) 0.24x0.05* 0.215 0.215

I2C(15.1— 0.0) 37.0 ±1.1 d
30.8 30.3

U
C(15.1— 4.4) 0. 92 ±0.36 1.32 1.01

12
C(15.1 — 12.7) 0.56 ±0.13 0.47 0.48

l2
C(12.71— 0.0) 0.35 ±0.05 2

0.11 0.11
uC(12.7i— 4.4) 0.053 ±0.010 f' e

0.01S 0.015

Expt. * Theory A ‘ Theory B
State ft ( ft.v) It (My) it 'My)

‘See Ref. 27.

“j. W. Olr.ess and E. K. Warburton. Phys. Rev. 166, 1A04 (1963
c This work.

~

“See Ref. 31.

'See Ref. 14.
f See Ref. 6.

*K. Sugimoto et ai., J. Phys. Soc. Jpn. 25, 1253 (1963).

12
B(0.0) *1.003 ±0.001

1ZNT(0.0) *0.4571 ±0.0005

FORM N3S-4IB
( REV. 7.14-64)

USC 3MM-NBS-0 C

-0.762 •-0.348

0.611 -0.413
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ReF K.V. Alanakyan, M. Dzh. Amaryan, R.A. Demirchyan, K.Sh. Egiyan,

M.S. Ogandzhanyan, & Yu.G. Sharabyan

Yad. Fiz. 25, 545 (March 1977)

Sov. J. NucT. Phys. 25_, 292 (March 1977)

METHOD

I

elem. sym.

12

77 A1 9 hmg

REACTION RESUL T
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PAN G E TYPE RANGE

G,P ABX 30-999 C 2 *5 TEL-0 DST

(4-5)

COMMENTS: f - exp(-3p‘
5 = E

P
1

(d^tj/dddpQ)

*E ,GEV, 999=4.5 GEV

The /("-dependence and momentum spectra of photoprotons in the nuclei
1!
C,

:7
Ai.

s3
Cu. '"Sn. and :o'Pb

have been studied experimentally for maximum bremsstrahlung energies of 2.0, 3.0, and 4.5 GeV. The A -

dependence shows that the proton photoproduction mechanism for £r > 400 MeV is identical for the entire

kinetic-energy region 65-280 MeV and the angle region 45-150" for the secondary protons studied.

The dependence of the exponent n on the transverse momentum p L
is in good agreement with the same

dependence for protons produced in nuclei by primary protons. In the momentum spectra of the in variant

cross section /=»(£/p 2Xd 2<T/dCldpQ)~exp( — Bp*) it is observed that the parameter B does not depend

on the incident-photon energy and on the target nucleus, but depends on the proton-detection angle.

FIG. 1. Differential cross

section for proton photopro-

duction as a function of atomic

number A of the nucleus at £,
= 2 GeV. The lines a corre-

spond to d, =60*. b to 90: and

c to 150°. Points: o— £, = 64,

ds—80, o— 101, — 137. a—
209, and •— 280 MeV.

„ |
rA
~oA

‘

a

0 9 1-

j
r. 2 \-

u

nl
L

0 9 —

0.Z 3.2 ;.v J.3 OS 0.7 3.

a

b

0.Z J.J J 1 0.3 OS 0.7 0.3

C

or 0.1 0.3 J* 0.3 0 5 0.7 0.3

Pi . GeWlc

FIG. 2. Dependence of the exponent n in the A" dependence of

the cross section for the reaction yA — pA ' as a function of

proton transverse momentum: a—

£

0 =2.0 GeV. b—£„=3.0
GeV, c—£,=4.5 GeV. The points for a and b: A—d, = 80”,

O—90°, p— 150”: fore: ^—J,
=46”, o—86”, a— 136”. The

curves show the dependence of n on p L
for the reaction

A(p, p ')A ‘ taken from Ref. 9.

k
0l\-

'u'frht*
4* f! 1

fl

}• 0,1 03 3.0 03 OS 0.

7

Ol GtVIc

FIG. 3. The same as Fig.

2. Experimental points:

*—£
0
= O. 13. O—0.25, a—

0.4. — 1.2, a—2.0, x —
3. 0, and •—1. 5 GeV.

£o =2.0 GeV, b—for £, = 3. 0 Ge V. Experimental points: •.

a, — for i?, = 50” for the respective nuclei 12C, '-’Cu, ana :c? Pb;

O. .3. a—the same for J, =90”; x, o—the same for >, = 150“

.

“ c =m N3S-418
:b'V. 7- 1 j-aai

us: omm-n as-oc
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TABLE I. Differential cross section dta/dndTQ of the reaction yA —pA '

in tib/MeV-s r .

A Ey.

G«V
V
iy

£p. M«V

.1 SO 101 137 20* 2T9

<K 2 60 3.720*0.056 3.630*0.052 1.907=0.057 1.425=0.038 0.725*0.220 0.429*0.0t8
90 1274*0.0*5 1.587*0.047 1.130=0.039 0.763*0.022 0156*0.008 0.117=0.007
150 1.152=0.032 0.690*0.014 0.505=0.020 0.218*0.007 0.071=0.005 0.021=0.002

60 4.240=0.100 3.424=0.063 t.96f>=0.043 1,629*0.048 0.653=0.024 0.452=0.0(9
3 90 2.440*0.056 1031*0.040 1.145=0.029 0.807=0.028 0243=0.009 0.086=0.005

150 1.360*0.042 0.377*0.029 0 438=0 016 0300=11.010 0.057 *0.003 -

60 3.460*0.127 6.014*0.120 4.083*0.109 3.253 =0.097 (.513=0.046
2 90 5.920*0.107 3.750=0.066 1502=0.084 1.718*0.052 0.603*0.018 -

150 3.127*0,078 1.797 *0.035 1.189*0.060 0.644=0.019 0 164*0.011

"A1 3 60 9 960±0.239 7.492*0.131 4.160*0.092 3.527=0 tOO 1.568*0.058 0.925 =0.037
90 6.090*0.130 4.845*0.107 2.688*0.076 1.995*0,085 0.596*0.021 0.239=0.013
150 3.750*0.103 1943=0.081 1134=0.042 0.747 =0.025 0.136*0.006 -

48 _ 9.510=0.250 - _ 1.320=0.720

14 36 _ 6.200=0.1/95 — _ — 0143=0020
136 * 3530*0.050 - - -

#1Cu 2 60 23.500*0.339 15.170*0.299 10.931=0.269 8. 163*01 i0 3.939 *0.110 2.115=0.064
90 16.721*0.258 9.757 =0.231 6.856=0.082 4.411*0 134 1.424=0.042 0.743=0.037
150 10.592*0.212 3.217=0.103 3-362*0.163 1.697 =0.050 0142=0.021 0.115=0011

60 26. 130*0. *90 20.530*0 240 10100*0.191 6.594*0146 3.569=0.140 1.661*0064
3 90 17.*00*0.320 13 60! =".260 7.516*0.l‘H» 5.245=0. 1 72 1.403=0.048 0 675*0.032

130 1 1 .6*0=0171 7 S34=0.205 3188*0 107 2 237=0.073 0.368=0 017 0.097*0 008

- 27.000=0.750 - _ _ •

3 550=0.180
4,5 36 — 17.401=0.250 - — _ 0.735=0.060

136 - ? 730=0.150 - - - -

l"Sn 2 60 45.001=0.538 30.050=0.593 19.970*0 587 13.102=0180 7.137=0.210
90 32.550*0.553 IS 390=0 466 13140*0.423 8.297=0.320 1588*0.073 _
150 19.571*0.391 10.239=0 203 3.543*0.321 3.032=0.090 0135*0.041 -

A
£ t .

C«V

• 9<

,
MeV

I 6k w 101 137 3,9 279

"*Sn 3 60 55.070*1.270 39 920*0.680 17.800=0.430 16.550=0.490 7.020*0.036 3.373=0.140

90 36.600*0.720 26160*0 550 14.370=0. 4o0 6.544=0.328 2.664 =U.U99 1.137=0.055

150 22-500=0.560 14.590*0150 6.251=0 210 4.103=0 150 0.664 =0.033 -

-*6 _ 53.900*1 400 _ - _ 5.640=0 320

4.5 36 - 22_j0=0.5i - - - 1.430=0.114

136 13150*0 390 - " ~ 0120±0.u38

r»Pb 2 60 80.000*1.230 56 350=1 120 35.200* t.aio 23 930=0 720 I3.;4*)*0.'t»i) 7.745=0.310

90 60.090*0 970 34.080*0 300 23.69O*u720 14129*0 -i00 4.522=0.133 2.453=0.120

150 36.690=0.730 la.'JaOau 570 10.638*0 520 5.794=0 1 rv8 iio2=o.077 0 531=0.035

3 60 100.740=2.130 76.030=1 200 23.00*0.670 23.0OJHI 520 '.3 SlO=0 <50 7 i>92=0 250

90 71 350*1170 48120*0.900 24.76* >=0 65»> 16.420=0.520 <.5S0*o 170 3144=0.120

150 42.090*0 970 37140*0.660 12.150=0.42 7.23 \ =o.l>* t.220=O.u54 0.539=0.039

46 _ 85X00*0.350 _ _
1 1.600*0.540

41 56 _ 56.780=0930 - - - J.'j50=0.214

138 ~ 29.600=0.430 * 0 465*0.084

so ((9 .66 231 231

1«C 41 46 5110=0160 3.670*0 086 2.530*0.064 t.l’>>*0.046 0.785=0.042

86 2.440=0.080 1.350*0.052 0 263=0.0!!! 0.105=0.' 07

136 1.230=0.029 0 427=0.o29 0 1‘jo=""1'5 0o45=0.'«>5 "013*0 >902

TABLE II. Values of the parameter B in (GeV/c)' :
in the relation £,/ p\ [d2

<j, dftpJppQ) -/~exp(~Bp-).

£,— 2.0 GeV 3.J G«V
1

... GeV

Tarw*
|

1

w l ISO* M* 90* 130* ,«•
!

US'

K
^Pb

4-374*0.512
5^00*0.627
5204=0.753

72778 =0.432

7 337=0.627
7.505=0.721

9 461*0.303
10.473=0.609
10.088*0.96

0188*0.805
6.972=0.939
3870*1.514

3.622*0.497

3.359=0.622
8.858*0.733

10.373=0 977

It.697 =0.944
10.983*1.168

1 5.P47 =0.173

!

:

3.066*0.49 |ll.252=0 431

B. (GtV'O
1

i
. T*—* 1

s.ayr * ^
l r

wfj

—

1 H

j.Jrt * *1

J
so 'ca so zap

FIG. 6. Dependence of the parameter 3 from the relation

f~ exp( Bp-) on the acomic number of the target nucleus. The

solid points refer to £, = 2.0 GeV, and the hollow points to E,

= 3. 0 GeV; the points • and o are for >p =60°, * and A are for

90‘ and • and a are for 150°. FIG. 5. The same as Fig. 4 but for £, = 4.5

peridental points: •—^,=46’, a—36’, —

1
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EL EM. SYM.

42-

REMARKS: Photon Differences

REF . NO.

77 Ba 8 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , PI - ABX 300-900 C 300-900 MAG-D 44

It is found that, even at a considerably large lab angle 44.2°, momentum

spectra of pions in the reaction I2C(y, n~) show a clear singly-peaked structure

throughout a photon energy range between 300 and S50 MeV. The peak mo-

mentum is always about 40 MeV/'c less than that determined by free nucleon

kinematics. The width increses almost linearly with photon energy. Differential

cross section does not exhibit a marked variation with energy. These data are quite

well explained by an impulse-approximation calculation.

"C ( ». rf) at 9„ . 44 2‘

( k ) e 363 M.v ! <k>= 568 M.w

Fig. 1. Typical examples of pion momentum spec-

trum measured in the present experiment. Smooth

curves are the ones calculated by an impulse ap-

proximation method. The arrow means the value

of pion momentum plr , c corresponding to the

elementary processes >• —n— r.~ -p.

Fig. 2(a). Values of the width IT fitted by using

the Gaussian form (1) and (b) those of the mo-
mentum shift P(, t,—po, as a function of <£>.

Smooth and dotted curves are the results from the

impulse approximation calculation at 5 = 28.4°

and 44.2°, respectively.

<k> (MeV)

Fig. 3. Values of the fitted cross section dtrdfl as

a function of <A:>. The symbols of data are the same
as in Fig. 2. The curves shown for comparison are:

Six times the elementary cross section dcr d(2

(yn—K'p) at 44.2° (solid linei and at 23.4° (broken

line) taken from reference 3).
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IB EV .

-!

3
T. Fujii, T.
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(1972) 1672

Kondo, F. Takasaki , S. Yamada, S. Homma, K. Huke,
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c DEPARTMENT OF COMMERCE
385

9UREAucr stanoarcs



5. 5-7. 2 MeV

Table 1

Differential cross sections (jib/sr) for elastic scattering from C and Mg targets at an angle of HO . The theoretical values include the

combined effect of NT, NR and D scattering; The R contribution w;

E C(Z = 6 )

( ke V) Experiment Theory Thomson

5516 0.17 t 0.04 0.16 0.17

5752 0.20 t 0.06 0.15 0.17

6465 0.17 i 0.04 0.15 0.17

6517 0.16 i 0.04 0.15 0.17

6374 0.18 e 0.04 0.15 0.17

'163 0.16 e 0.04 0.14 0.17

ignored. The values for pure NT scattering are also given.

Mg(Z= 121

Experiment Theory Thomson

0.64 i 0.15 0.61 0.67

0.66 1 0.15 0.61 0.67

0.64 ± 0.15 0.59 0.67

0.63 ± 0.15 0.59 0.67

0.59 i 0.15 0.58 0.67

0.50 t 0.15 0.57 0.67

'Aj SCA

I

ANGLE ’<-0*

3Cir:=3eo spsc^.* J

"!V
5oC(- '.V'i ; .1

,
i

. i

Fig. 1. High-energy part of the elastic scattering spectrum from

a Mg target at 140* as measured by a 40 cm 3
Gel Li) detector,

and of the incident V(n, 7 ) spectrum. Lines indicated by P and

F denote pnotopeaks and first-escape peaks. Other lines denote

double-escape peaks.

” ' --.i N 3 $ • A 1

3
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EL EM. SYM. A

12

METHOD REF. NO.

77 Bo 12 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

rvpe range TYPE RANGE

E,P+ RLX 150-280 D 280 MAG-D DST

E.P- ABX 150-280 D 280 MAG-D DST

Double-differential cross sections for the electroproduction of pious of both charges SIG PI-/S1G P I +

have been measured. We compare the data obtained for production eear threshold from
|2C and ieO with theoretical treatments employing both shell-model and surm-rule nuclear

descriptions with full inclusion of the final-state interaction.

FIG. t. Double-differential cros3 sections for pro-

tection of negative pions by 230- MeV electrons from

(a)
irO and ib>

i:C as a function of the plon angle. The
shell-model results (solid line) arc compared with the

predictions of the sum-rule results when evaluated

with (dashed line) and without (dotted line) the effective

two-body Skyrnie II (Ref. 14) Interaction.

Hufner, Phys. Rep. 21C , 1 (1975)

14
M. Beiner, H. Flocard, N. van Giai,

and P. Quentin, Nucl . Phys. A238 , 29

(1975)

2.0, 1 r 1 r '

(s

i0

j

'Oqo 20° SO 0 S0° >50° 3C°

Git
_

FIG. 2. The ratio of the double-difiercntial cross

sections for production of negative and positive 21. j-

McV pions from i2C as a function t'f the pion angle.

The dashed and solid curves are the shell- model re-

sults that follow on using a pion optical potential pa-

rametrized (Ref. 2) wtth and without the Lorents- Lo-

renz effect, respectively. The dotted line is the

Skyrme II sum-rule result with no Lorentz- Lorenz ef-

fect.

form H3S*4l8
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C
{

12 6

METHOD REF. NO.

77 Hi 5 hmg

R EACTION RESULT EXC! TATION
EN ERGY

SOURCE DETECTOR
ANGLE

TYPE PAN GE TYPE RANGE

G,N ABI 18-30 C 18-30 ACT-

1

4 PI

(18.7)

THICK 3REMS TARGET

The integral expenment for a sensitivity check of photonudear cross section data of C, Mn, Fe, In and Au was performed

by using the bremsstrahlung produced in a thick iron target by 18. 22, 26 and 30 MeV electrons from a linear accelerator.

The cross section data measured by the activation method showed better results for ail incident electron energies than

those by the photoneutron method, because the latter include the competing (y, np) reaction above its threshold energy,

[t is necessary to obtain the cross section data of (•/, n), (y, np), (y, 2n), (y, p2n> reactions etc., separately by the activation

method.

The effective energy range and effective cross section in the giant resonance region were determined for C, Mn, Fe

and Au. By using these quantities, the gross structure of the bremsstrahlung spectrum was obtained in good agreement

with the theoretical calculation.

Table 3

Ratio of measured and calculated saturated activities at 9°, R, = 4?
xp
/4r

al

Reaction Reference Detector
Electron energy Threshold energy of

18 MeV 22 MeV 26 MeV 30 MeV competing (y, np)

reaction (MeV)

(y, n)"C 6 ACT1 - 1.205 1.09 • 0.824

7 BF3S - 0.757 0.931 -
27.4

8 BF3 - 1.492 1.139 0.914

9 BF3 - 1.418 1.159 -

ssMn(y, m^Mn 10 BF3 0.575 0.810 0.598 -
17.8

11 0.595 0.875 0.654 0.609

^Fe(y, n»-'Fe 12 ACT 0.542 0.783 0.722 1.12 20.9

nsIn(y. n)
n,<rT, In 13 BF3 0.448 0.511 - -

15.9

14 BF3 0.603 0.672 0.586 1.00

1,5Infy. vO
!!5rn In 15 ACT 0.829 1.00 0.352 0.995

19,
Au(y, nr^Au 16 3F3 0.7-13 0.553 0.529

0.476
13.7

17 3F3 0.342 0 623 0.608

* ACT. measurement of radioactivity of the target.

s BF3: BF
3
neutron counter with moderator.

-GSM N3S-4 18
P E V .

-.1 4-641

JSC OMM-N BS-O C

(OVER)

J.S. 3EP 4RTVENT CF COMMENCE
NATIONAL BUREAU GF sTanOAFOS
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Table 4

Effective cross section and effective energy range.

Reaction Effective energy Effective cross -ttion (mb)

range (NleV) Electron . rgy Average

22 MeV 26 Mi'' 30 MeV

12C(y, n)
nC 20.5-24.5 _ 5.98 5.28 5.63=0.35

S5Mn(y. n)
54Mn 15.0-20.5 - 56.2 52.7 54.5=1.7

^Fefy. n)32Fe 17.0-24.0 - 33.6 47.9 40.8 = 7.2

1,7Au(y. n) I%Au 115-15.0 553.5 532.5 415.0 500= 35

Fig. 3. Comparison of experimental and calculated bremsstrah-

lung spectra emitted from an iron target in the 9° direction by

(a) 18 MeV electrons, (b) 22 MeV electrons, (c) 26 MeV elec-

trons, (d) 30 MeV electrons.
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77 Jo 3 egf
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G,2N ABX 100 - 600 C 100-800 - ACT-

1
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-
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fie. | The measured yield of i:
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experimental result i> m..m the solid ; u r\ e .md the dashed curse show; the result from ref. Trie

^H. Breuer and W. Pohlit, Nucl . Phys. 30_, 4-17 (1962)



ref. V.V. Kirichenko, A.F. Khodjachikh, Ju.M. Arkatov, P.I. Vatset,
I.V. Dogjust
Ukr. Fiz. Zh. 22, 959 (1977)

EL EM. SYM.

c

A

12

z

6

METHOO REF. NO.

77 Ki 11 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TVPC RAMOS TYPE RANGE

G,P ABX 40-120 C 150 CCH-D DST

The reaction llC'y. p)“B is studied in the range of enerj

ponding to the giant *esonance. The analysis of the obtained da
dipole photon absorption is the main reaction mechanism as
particles photodisir.tegration of the lightest ‘He, 3He and 2H nuc

jy exceeding that corres-
ta shows that the electric

in the reactions of two
:lei with the proton yield.

values ;or

the experimental accuracy with the similar coefficient in the reactions of two particles
photodisintegr2 tion c: ’He. :He but they differ from the asymmetry coefficient values for

the case of :H photcdisintegration.

uzprteKKo 3.3., XoiTisx A.v. , ApsaroB “are?

3 3HE?IET!!tECK0.M HHTZPBAiE OT 4C IC 120 ’."3.
I

.'A., larvcr 15.3. PEAKS'.!! -“C (£, p)
J

. dnre.xrpHajt. 22, 959-364.

C 2CMCELE 3ECf73ZOHHOa ZaiiepU, yC?a30BSBHH02

Ha nytH njTHEa roptco3HHx $ctohob o? .znEeSHcro

ycKcpa?e.3H sa 253 MsB, aHuepesH aneprsTaHec-

jcaa 3asac2M0CTi nrumoro ceneHtiH a jtjiohh9

pacapeaejisHHE npo?c3C3 a HarepBane oneprzS

c? 4C ho 120 '133. 713 ana-iZ3a naHEHX ncjry^e-

hh noJEoe csneHza auteErptnecnoro zzneurcHoro

somoneHZH z aczsaierpzH ttjiohicc paenpenens-

hz2. PesysLTaTH cpasHZBapTca o HaEztaa ho

HcoJteaoEaiiZE oeesnzS HEynacTitHHoro $o?cpac-

senHeEZH .isr^r.afers rasp
’T
He,

HOM CPOTOHOS.*

^Ee, ^ o 3Hio—

Csing a diffusion coanbar in the way of a

bean of brensstrahlung pnotoas from a J6<^

Ue7 linear accelerator, “ha energy dependence

of the total cross section and the angular

distributions of protons have been ae&snzed

in the energy region fros 40 to 120 JieV. ?ro»

an analysis of the data, the total cross sec-

tion for electric dipole absorption and the

asyanatry of the angular distributions have

been obtained. The results are coapared with

the data on the reactions of two—particle

photodlnintagration of the lightest nuclei
4w 3 0
de» He and ~"d with protca yi8ld.

Phc. 1. 3aBHCHMocTS co.tHoro ceneHiist peaxumt IJC(v,p) uB ot E.
f
{MsB): mcrorpaM-

Ma — HacTOfliUHii 3KcnepHMeHT, O— daHHbie paCona [1].

Phc 2 Yr.-iosbie pacnoeae.ieKHH iiootohob peaKUHH IJC(y, p)"B b o&tacnt 3HeprHH

40—50 Mid (I). 50—60 (II), 60—50 (III), 80—120 (IV).

-^2- = cl sin* 9 ~~ b sin
1 9 cos 9

dQ.
c sin1 9 cos 1 9 4- d. (1)
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£L£M. SYM. A Z

METHOD

c

REF. NO.

12 6

77 Kn 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E- ,N ABX 19-32 D 26-32 ACT -I 4PI

E+,N ABX 19-32 D 26-32 ACT-

1

4PI

See figure on other side

is £V. 7-1 4-641
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0 -*—//
1

, , —
20 25 30 £ (MeV)

1C00-

cr
t

(p.b)

!0;Ag (e,e‘n)
105Ag

0

30 £ (MeV)

Fig. I. a Experimental absolute (e.e'n) cross

section tor lJC together with the results of

DWBA and PW calculations, b Experimental

absolute (e.e'n) cross section for
6,Cu together

with the results of DWBA and PW calculations,

c Experimental absolute (e.e'n) cross section for
l07Ag together with the results of DWBA and
PW calculations
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EL EM. SYM. A Z

c 12 6

METHOD RIF. NO.

77 Sh 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE
i

DETECTOR
angle

TYPE RANGE type bangs

E.PI+ ABX 0- 1 D 195 MAG-0 DST

(0-.95)

Three resonances in
r
'C * !2C with £

c jpM*) of 3.35(6*), 11.2(8*), and 13.75(10*; are re-

ported. Together with earlier data, these resonances fit in a rotational band in
:<Mg. A

model based on the rotation-vibration coupling is proposed to account for these data.

V(WeV)

FIG. 2. Pion energy distribution in KC{e
Solid curves are the theoretical estimates derived from
Eqs. (3) and (4) and the Helm model using the electron

scattering data (Refs. 2 and 3). Dashed curves are the

theoretical result with a nuclear shell-model and pion

wave with Coulomb correction (Ref. 5). Arrows indi-

cate the maximum energy of pion leading to the ground-

and first excited residual states.

FIG. 3. Pion angular distributions in
,2C(y

,

ir*)
r
'B at

E y =» 194 MeV leaving the ground state (open circles)

and die first excited state (closed circles) in
l:B. Solid

curves and dashed curves are the theoretical estimates

by the Helm model using electron scattering data (Refs.

2 and 3) and by the shell model (Ref. 4), respectively.

TABLE I. Comparison of cross sections of the
,:
C(y, t*)

i:B reaction re-

lating to the ground and first excited residual states. R is the most proba-

ble value of the ratio (da/dO.) /Wct/df)

)

;heor . frexo[ is calculated from
multipied by R.

Residual state

Ground state

U” = 1*)

First excited state

(£* = 0.95 MeV,«/c = 2*)

Helm model theory 3

R 0.56 ± 0.03 1.42=0.13

T.-eor (Kb > 27.04 16.55

ffexpt 15.1 = 0.3 23.5± 2.3

Shell-mcdel theory b

pk 0.14 ± 0.01 0.43 = 0.04

^tteor kb > 99.9 59.5

atxs t
14.0 = 1.0 25.S= 2.4

*Refs. 2 and 3. ’Ref. 4.

: K. Vberzil, 3. A. Lamers, C. TV. Lucas, and A. Nag1,
Phys. Lett. 443. 224 (1572'.

: F . Canasta, 3. A. Lamers, C. IV. Lucas, A. Nag!,

H. Toenail, C. 7,‘ernta, and F. J. Kelly, Can. J. Phys.
52 , 1405 (15 74).

*J. B. Seaborn, V. Devanathaa, and H. Lberall, Nucl.

Phys. A219 . 461 (1974).
s
S. Furui, private communication, and in Proceedings

of the International Conference on High-Energy Physics

and Nuclear Structure, ZCIrich, Switzerland, 29 August—
2 September 1977 (to be published).
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METHOO

c

REF. NO.

77 Sn 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANGE TYPE RANGE

P,G ABX 21-37 D 6- 23 NAI-D DST

Table 1

Angular distribution coefficients for “B(p, yi)
lIC

£, (MeV) Transition ai a*

12.4 y0 0.30±0.03

-/i 0.24±0.02

y 3 0.22=0.04

-0.65±0.07
-0.23 ±0.04
-0.06=0.08

-0.08 ±0.08
—0.08±0.05

-0.01=0.10

—0.04±0.09

-0.01 ±0.06
-0.10±0.10

14.4 -/o 0.37=0.04

y t 0.21 =0.05

y, 0.33=0.03

-0.74 ±0.07
-0.27 ±0.08

-0.28 ±0.05

-0.22 ±0.10
—0.16±0.10
—0.10±0.07

-0.04=0.13
-0.08 ±0.13
-0.07 ±0.08

Table 2

Integrated photoproton cross section fa(y, p0)d£r

Transition Integration limits (MeV)

£;

Integrated cross section

(MeV • mb)

yo 1.0-23.0 16.9-37.0 64 »)

yi 1.0-23.0 12.4-32.6 19 •)

yj 6.0-23.0 13.8-29.4 5.5 ‘)

yj 6.0-23.0 11.8-27.4 5.6*)

*) £r -
*>

4i£;+ !5.96-£;.

1.0-13.7 MeV from <j, of ref.
3
); E, = 13.7-23.0 from <j(90’) (fig. 2) assuming

a 2 =• —0.70.
c
) Same as b except d 2 ** 0.30.

“) From tx(90°) (8g. 2) assuming i 2 ** 0.

3
64A1 2

fORM M3S-418
(R EV . 7.1 4.441

USC OMM»N 6S*0 C

(over)

U.S. DEPARTMENT OF COMMERCE
NATIONAL aUREAuOF 3TANCABOS
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m
m

E9 (MeV)

Fig. 2. The 90° cross sections for the Il B(p, y)
i2C reaction for transitions to the lowest-four energy

levels in
12C as a function of excitation energy (lower scale) and proton energy (upper scale). The

error bars shown are statistical; systematic uncertainties due to the efficiency calibration are estimated

to be iS 20 %. The y2 cross section has an additional uncertainty of — O.Of /tb/sr (see text).
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METHOD

Itano.
EL EM. SYM.

C

REF. NO.

12

73 A r 7 hmg

REACTION result EXCITATION
EN ERG

V

SOURCE DETECTOR
angle

TYPE RANGE TYPE RAN 3 E’

G , P I
- SPC 36C-600 D 510-750 MAG-D 41

-

The cross section of the photoproduction of pions from carbon at 41 ° in the
laboratory system and in the incident energy region from 510 MeV to 750 MeV
is measured by a magnetic spectrometer for pions and counter hodoscopes for
recoil protons in coincidence with pions. A tagged photon beam is used. The
results which show the production of pions from the quasi free nucleons inside
the nucleus are analysed in tarms of the distorted wave impulse approximation.

0.3

a
a. 0.S

0.4

2
O
t—
u
UJ
I/)

0.2
U1

O
tr
(j

0

P„ ( MeV/c ) 5 P
(f oBs.

Fig. 2. The momentum spectrum of the photoproduced pions from carbon as a function of the difference

of momentum between the expected momentum from the kinematics of y—n— it —p and the observed

momentum. Solid line is the best fitted curve of eq. (3) in the text. Dotted curve is the quasi free peal<

calculated from DWTA.

Fig. 3. The percentage ratio of the number of pro-

tons detected by the hodoscope to the number o i

pions in the spectrometer as a function of the proton

angle. The pions in this case are in the quasi free

peak region ICO MeV/c). Solid curve is the

angular distribution calculated from DWTa.

Table II. Parameters of fittings.

E, 515—595 MeV 595~d75 MeV 675—755 MeV

S 51 = 5 iib/str. 44= 5 iib/str. 41 ± 3 ub. scr.

r 51 = 4 MeV/c 58= 5 MeV/c 67= 5 MeV'c

Po 39= 7 MeV/c 40= 9 MeV/c 35= 6 MeV'c

Pi 74=24 MeV/c 79= 23 MeV/c 99=13 MeV/c
1IX 295= 53 374=53 411=35

z
1 1.60 1.13 1.19

d 2
<x S \

(p—po)'l

dI2,dp T
yj2rS ^

(
IT' )

j-R(p-p.) ?<.o -p-\. (31

Q(x) = 0 for .t<0

(?(*)=! for x§:0
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! EL EM. SYM.
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ref. NO.

78 Ar 9 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MU-T ABX THR-30 12*30 NAI-D 4PI

The total cross section of hadron photoproduction on C, Cu and Pb nuclei is measured for six energy values in the range *Enerq V in GeV
12-30 GcV. The obtained cross-section values for C and Cu nuclei have a weak energy dependence at high energies (above

1

20 GeV). The cross section for the Pb nucleus is somewhat higher in comparison with that expected, and energy dependence

is not observed. The A -dependence of the effective number of hadrons agrees with VDM predictions.

C

371

TJpZi, 4_ T

Co

a 1 « t t to n n ft rg it a n, £S

Fig. 3. Energy dependence of for C. Cu, Pb nuclei. For
comparison the data of DESY and SLAC-CCSB, and also the

theoretical curves, corresponding to VDM and to the case

when the photon is ^ 20CF of the time in a “pure’* state, with-

out shadowing, a, DESY; a, SLAC-UCSB: x , Serpukhov;
3, Serpukhov [4]; VDM; 0.3 VDM + 0.2 pointUke
interaction; general VDM.

Table 2

Value of M g ff for nuclei C, Cu, Pb for different energies of y
quanta. Only statistical errors are given.

7-quanta energy l ‘C
(GeV)

w Cu :o7 pb

12.6-15.0 0.79 : 0.04 0.77 : 0.04 0.73 : 0.05

15.0-17.7 0.81 : 0.04 0.72-0.05 0.75 : 0.06

17.7-21.0 0.37 ; 0.4 O GOO O O GO 0.85 : 0.7

21.0-24.6 0.30 : 0.05 0.74 : 0.07 0.72: 0.03

24.6-27.9 0.79: 0.05 0.69 : 0.05 0.79 : 0.09

27.9-30.0 0.71 : 0.05 0.63 : 0.07 0.75 : 0.13

A
ii(

a
t
(7,

A Zap, p) + (A - Z)ap, n)

where

op, p)
= (98.7 ± 3 •6) + (65 £ 10)£” c

r

>

<7,(7, n) =: op, p) -(151.3 ±6.1)£
_

Table 1

Hadron photoproduction cross sections (in ub) for C, Cu, Pb

nuclei for different energies of 7-quanta. Oniy statistical errors

are given.

7-quan ta energy

(GeV)

12.6-

15.0

15.0-

17.7

17.7-

21.0

21.0-

24.6

24.6-27.9

27.9-30.0

12C
64 Cu :o7 Pb

1084 : 43

1100:43
1175 : 34

1053: 53

1047 : 55

930:66

5600 t 240

5200 : 310

5740: 340

5220 : 460

4870 : 350

4730 : 510

17140 : 1170

17480 : 1140

19630 : 1720

16400 : 1720

17920 : 1920

16340 : 2310
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K. Saba, I. Endo, M. Fujisaki, S. Kadota, Y. Sumi
, H. Fujii

Y. Murata, S. Noguchi and A. Murakami
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METHOD REF. NO.

78 Ba 4 rs

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,PI+ ABX 300-850 D 300-850 MAG-0 DST

G,PI- ABX 300-850 D 300-850 MAG-0 DST

Abstract: The momentum spectra of charged pions produced in the reaction IJ
C(y, ir*) have been

measured for incident photon energies in the interval between .'00 and 850 MeV in steps of 50 N!eV.

Pions with relatively high momenta have been detected by a magnetic spectrometer set at the lib

angles 28.4° and 44.2°. All these spectra exhibit a clear singly peaked structure. Detailed features of

the structure arequantitatively investigated and compared with a plane-wave impulse-approximation

calculation. Calculated results are found to reproduce the spectral shape very well and the absolute

magnitude is also rather weil lined by introducing the pion accretion effect properly.

Fig. 5 The fitted values of parameters in the Gaussian distribution for pion momentum spectra: (a) The

momentum shift pu,,~p K)
. (b) the width 2f. and (c) the cross section da dO, as a function of <A>. Curves

in (a) and (bl are the result of the PWIA calculation for 9, = 28.4° (solid and dotted curves for it and it .

respectively) and 44 2° (dashed one for it'). Curves in Ic) show the differential cross sections (multiplied

by a factor of 6) for elementary processes (solid and dotted ones for it' and it
* at 23 .4°, respectively, while

dashed one is for it" at 44 2°). Symbols in (b) and (c) are the same as in la).
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too 500 SC 0

Pion Momentum P„ ( MeV/e )

Fig. 7 Effects of scattered-in pions and double pion photoproduclion. Dotted curves represent the

contribution of scattered-in pions. which takes into account .'.iso the churee-e.vcnange scattering of

photoproduced ~°. The dot-dash curve shows the contribution from double pion production, which is

appreciable only above vk> = 650 MeV Dashed curves are calculated /, times PWt-\ results. Solid

curves are the sums of these contributions

0
0
0
M
0

400



K. Saba, I. Endo, M. Fujisaki, S. Kadota, Y. Sumi , H. Fujii

Y. Murata, S. Noguchi & A. Murakami

Kucl . Phys. A306 , 292 (1978)

METHOD

ELEM. SYM.

12

REF. NO.

78 Ba 12 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE
1

OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI+ ABX 150-700 D 300-850 MAG-D DST

G,PI- ABX 150-700 ~
D 300-850"

MAG-0 DST

COMMENT: Subtracted bremsstrahl ung spectra used

Abstract: The momentum spectra of charged pions produced in the reaction
l2
C(y, i s

) have been

measured for incident photon energies in the interval between 300 and 850 MeV in steps of 50 MeV.
Pions with relatively high momenta have been detected by a magnetic spectrometer set at the lab

angles 28.4® and 44.2°. All these spectra exhibit a clear singly peaked structure. Detailed features of

the structure are quantitatively investigated and compared with a plane-wave impulse-approximation

calculation. Calculated results are found to reproduce the spectral shape very well and the absolute

magnitude is also rather well fitted by introducing the pion absorption effect properly.

NUCLEAR REACTIONS 1 J
C(y, it*), (•/. it'). E = 300-850 MeV; measured aiE.p^B).

PWIA calculations.

,?

C ( I. it* )

Fig. 4. Double differential cross sections for
,2
C(y. a*) at 0. - 28.4* and 44.2* as a function of,. where denotes the oion momentum satisfying

!ree nucleon kinematics. Solid (28.4°) and dashed (44.2°) curves show the results obtained from the PWIA calculation, while the dotted curve represents the

experimental resolution when '.he target nucleon is at rest.
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1
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ft
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II

ft

<k> (M*V)

Fig. 5. The fitted values of parameters in the Gaussian distribution for pion momentum spectra: (a) The

momentum shift p, r„-pa , (b) the width 2f, and (c) the cross section dir dQ, as a function of <£>. Curves

in (a) and (b) are the result of the PWIA calculation for 9
,

=• 28.4° (solid and dotted curves for rt' and a',

respectively) and 44.2° (dashed one for rt"). Curves in (c) show the differential cross sections (multiplied

by a factor of 6) for elementary processes (solid and dotted ones for rr" and it* at 28.4° respectively, while

dashed one is for it" at 44.2°). Symbols in (b) and (c) are the same as in (a).
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METHOO REF. NO.

78Del

1

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 50-200 0 1*2 MAG-0 DST

(799-1178)

Measurements were made of quasielasuc scattering of electrons in the (e, e') reaction by the nuclei *rc\l nilACTCl ACTTP
^Ee,

IJC :

*N,
l4
0, and " AJ. An experimental estimate is obtained of the effective mm of an intranuclear

uEM , QUASI ELASTIC
nucleon. At excitation energies up to 30 MeV, a ratio .Vf V.Vf = 0.6 is obtained, corresponding to a

linear potential V( E) =< V
a 4- 0.4£ and in good agreement with the data on proton scattering by nuclei

[C M. and F. G. Percy, Atomic Data and Nuclear Tables 13, 294 (1974)]. At excitation energies above
120 MeV the nucleon effective mass turned out to be close to that of the free nucleon. .Vf */ .Vf = 0.9.

PACS numbers: 25.30.Cg. 27.20. + n, 27.30. +

1

'M*/M

JJf
r

ae-

j.v'—
sa taa iso Z50 uj

,

MeV

FIG. 4. Reduction coefficient .’.f V.Vf is a function of energy
transfer: •— “Be, a— 1 !C, C—uN, 2.— 16

0. C— "Al. The
curve has been drawn through the experimental points by
hand.

w o rm H3S-418
in EV. 7-1 4.4AI
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REF. MO.

78 FI 4 rs

R EACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 4,16 D 57-215 MAG-D 180

The transverse electromagnetic form factors squared of the 1JC 2* levels at 4.439 MeV
(T = 0) and at 16.107 MeV (T = 1) have been measured by means of 180* electron scattering

over a momentum-transfer range from g = 0.51 to 2.05 fm" 1
. Evidence is presented for

appreciable contributions of nuclear convection currents to the transverse 4.439-MeV

form factor at lowq, and spin magnetization contributions to the transverse 16.107-MeV

form factor at higher q.

4=4 . 439 ; 16=16 . 107

0.5 1.0 1.5

q (fm*
1

)

FIG. 1. Squared form factors Cor the T = l, 16.107

MeV and the T = 0, 4.439-MeV 2* states in
I2C. Curves

A and B are the transverse form factors squared of the

T = 1 and T = 0 states calculated with b = 1.64 and 1.76

fm. respectively. Curve C is the longitudinal form

factor squared for the T = 0 state calculated with b = 1.76

fm. (Triangles, data of Ref. 15; unfilled squares, data

of Ref. 10; and filled squares, data of Ref. 11.)

FIG. 2. Deduced convection-current part of the T = 0,

4.439-MeV 2* transverse form factor squared. The

dashed curve was obtained by using Cohen and Kurath

configurations with Woods-Saxon wave functions nor-

malized to the B(E 2) value at the photon point, and the

solid curve by using a pure (Pi/z<Pi/ 2

~
') configuration.

(A, datum point of Ref. 15.)

10
Tohoku Universtiy, Sendai, Japan, Research Report

of the Laboratory of Nuclear Science, 1969 (un-

oubl ished) ,
Vol . 2, p.1

.

11
J.S. McCarthy et al . , Ref. 10.

"'"P.Strehl, Z. Phys. 234 ,
41 6 (1 970).
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REF. NO.

78 Fr 2 r s

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 16 D 33- 62 MAG-0 DST

16=16.11 MeV

Abstract: The electroexcitation of the 2*. T = 1 state at !5.H MeV in
1JC has been investigated for

momentum transfers q < 0.5 fm' 1

. Longitudinal and transverse contributions were separated by
means of the angular dependence of the cross section. The ground-state radiative width has been
determined to f? =* 0.346 + 0.041 eV and the contribution of the magnetization density to the
current has been derived from the ^-dependence of the reduced transition probability. These
quantities are compared to I p- 1 h shell-model and intermediate coupling model calculations which
are both in disagreement with the experimental numbers. This discrepancy is, however, partly

- removed when collective states with 2/iui excitations are included.

F.g 3 Angular distributions of the measured inelastic cross sections at various constant momentum
trundcrv Th; n-hol, on the ordinate and abscissa arc explained in the main text. The angle associated

With each Jata point is also indicated. This figure is needed to determine BI.C2. q) from the slopes of the

curves fitted to the data and SlE2. q) from their intersects with the ordinate.

POSM N3S-418
;

r

e v . ’-i 4.64i
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m
m
m
m
m
m Fig. 5. Longitudinal and transverse form factors for the electroexcitation of the 16.1 1 MeV state in

l2C.

Besides the Darmstadt data of the present experiment a data point from Mainz :t
) is also shown. The

curves compared to the data are calculated within the shell model including collective slates with 2ha
excitations and using free nucleon charges and magnetic moments.

21
H.D. Wohlfahrt, Thesis, University of Mainz, 1969, unpublished

Taklk 2

Experimental S(C2. tt)f value compared to various theroretical predictions

• Configuration «C2.*)TU«n
4
)

Experiment t.80±0.2I

(Pi 2r l

P,.: 7.13

(P)
J

3.87 ’) 4.22 -J 3.14')

(p0(p)
7
(s)* + (p)

s 2.60 -)

(pfKplTs^-i-fpj’-r'sdMp^fs)
2

2.18 ') 2.80 *)

*) With p-shell interaction (3—1 6) POT from ref.
,s

).

”) With p-shell interaction (3-16) 2BME from ref ”).

') With central p-shell interaction and Rosenfeld exchange mixture. L '< = 6.8 and a X = 4.;

Cohen and 0. Durath, Nucl . Phys . 73 1 (1965)
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REF. NO.

A

12
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78 Ki 8 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPS RAN SE TV PC RANGE

G,P ABX 16-120 e iso CCH-D DST

A diffusion chamber in a magnetic field has been used to measure total and differential cross sections for

the reaction
i:C(y,p) M B in the energy interval from threshold to 120 MeV. The angular distributions are

analyzed in order to identify the principal transitions. It is shown that for Ey > 4-3 MeV an important

contribution to the reaction is provided bv the channel with the residual nucleus in the 1/2' state and

excitation energy 6.793 MeV. The contribution from this channel is estimated. The results are compared

2°

a(Y,p)dE=189±9 MEV -mb (statistical
6

and systematical errors included)

with theoretical calculations.

PACS numbers: 25.20. + y, 27.20. + n

5 represents contribution of excited-
state transitions to assumed ground
state cross section

«/<r

aj,-'

-^r
*

>: i

!

FIC. I. Total cross section for the reaction l2
C(y,/>)

ll B as a

function of energy. The histogram shows the results of the

present experiment; the hollow circles are from Ref. 4, the

solid squares are from Ref.

Ref. 7.

and the solid circles are from

8

8

.

d«q

FIG. 2. Differential cross sections for protons from the re-

action i:C(y,p)u3 for several intervals of y-ray energy.

Points: •—present experiment, O—Ref. 10, —Ref. 2,

x and h.—Ref. 3.

a
1

a/b

t.O

J.J -

a

ttf

28 28

V'
'80
MeV

FIG. 3. The coefficients at lt as a function of energy. The
solid curve is from Ref. 1, and the hollow squares from Ref.

4; the remaining designations are the same as in Fig. 2.

da

dft

3

2

i=0
Ai Pi ( cos9

)

Ai/Ak = aik

TABLE I. Relative contribution o of the channel with an ex-

Ey, M*V £*
Tf MtV 4 Er ,

MeV £*t, M.V 4

22-24 20-31 O.U5±0 14 «-*56 41—43 0.47*0.1*
24-2»» ai -i: -O.l l ±0.15 36-40 43—47
26-2* 33-33 0.05*0.13 47-57 0.61*0.15
2S-.Tif 33-17 0 0.5*0. 1

5

5Ai— 6*) 57-67 0.60*0. i

;

*>-32 37-30 0.04 ±0.17 60- » C7-87 0 44*0.21
32-34 30-4

1

0.04*0.22 30-120 87-127 0.l4*0.i0

UiCOMM-CC 29010-084 PHOTOHUCu cmr vaia ancci 407
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REF. NO.

78 <1 5 egf

REACTION RCSUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP* RANGE TYPE RANGE

(E,N) ABX 18-29 D 30 ACT-

1

4PI

The cross section for the production of the "C activity by bombarding aC with 30 MeV electrons has been

measured absolutely. The result. 11.9 + 0.2 p.b, has a smaller absolute error than any previous

measurement. This value corresponds to a (y,n) cross section integrated to 30 MeV of 41.0+ 0.6 MeV mb,

based on a distorted-wave Bom-approximation electric dipole virtual photon spectrum.

£
NUCLEAR REACTIONS i:C [e,n), F,= 30 MeV, <x(e,n) measured absolutely.

j

The weighted average cross section for 30 MeV
electrons is then

o(e,n) = 11.92±0.15 fib.

The systematic errors common to all of the mea-

surements, 1.5% for the absolute “Na source cal-

ibration and 0.5% for the target thickness, must

be combined with the above to yield

CT(e,n) = 11.9±0-2 iib .

tG. Kuhl and U. Kneissl, Nucl. Phys. A195 , 559 (1972).

*j. Miller, C. Schule, G. Tamas, and C. Tzara. J.

Phys. (Paris) 27, 3 (1966).

V. A. Lochstet and W. E. Stephens, Phys. Rev. 141 .

1002 (1966).
10B. C. Cook, J. E. E. Baglin, J. N. Bradford, and J. E.

Griffin, Phys. Rev. L43, 724 (1966).

ll
S. C. Fultz, J. T. Caldwell, B. L. Berman, R. L.

Bramblett, and R. R. Harvey, Phys. Rev. 143, 790

(1966).

TABLE I. The cross section for the production of llC
by 30 MeV electrons.

Run Cross section

I 12.15*0.31
n 11.73 = 0.47

m 11.34 = 0.32

IV 11.99*0.34
V 11.76 =0.32
Weighted average 11.92 = 0.15

'J.S. 3EP ARTV«EN1
NATIONAL =LREAc
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METHOD

A
, Z

12

|

78 Ma 10

R EACTION RESUL T
EXCITATION
EN ERGY

SOURCE OETECTOR
ANGLE

TYPE Pan GE TYPE P an GE

G,N ABY 19-68 C 30-68 ACT- I 4PI

G ,AN ABY 26-68 C 30-68 ACT - I
. .

4 P

I

Analysis is' made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

- C = M N 3 S-4 i 3

(over)

- o ? “ ;:vm£=CE
409



Fig. 9 Yields of the (y, n) reactions as a function of brems-

strahlung maximum energy and target mass number The
numerical values in the figure are yields per equivalent quanta

in mb.
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Phys. Rev. Lett. 41, 1645 (1978)
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C 12 6

DEFINE:
R (E ,w) = a measured / a proton mott (E , &)

0 0 —
78 Mo 4 rs

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,S/ ABX 30-350 D 160-520 MAG-D DST

A systematic study of the deep-inelastic electro.a-scattertng response function of ,2C
has been carried out at scattering angles of 60“ and 130“ and electron energies between

160 and 520 MeV. A pronounced transverse strength, the origin of which is not under-

stood, is found in the region between the quasielastic and the ,V peak.

FIG. 1. Inelastic response function for l:C at 50“ and
electron incident energies between 240 MeV (topmost
curve) and 520 MeV in steps of 40 MeV. Where not

shown, the error bar is smaller than the dot.

FIG. 2. Inelastic response function for 12C, as in

Fig. 1 but for 130*.
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FIG. 3. Response function for ,2C compared to a cal-

culation for one-nucleon—knockout process (solid line),

coherent pion production (dash-dot line) (Ref. 16), A
excitation (dashed line) (Ref. 17) , and meson-exchan?e-
current contribution (dotted line) (Ref. 19).

^E. Borie, in "Proceedings of the Seventh International

Conference on High-Energy Physics and Nuclear Structure,

Zurich, 1977" (Schweizerisches Institut fur

Nukl earforschung , Vi Hi gen, 1 977), p. 247.

17
G. Do Dang, Phys. Lett. 69B, 425 (1977), and private

communication

.

^T.W. Donnelly, J.W. van Orden, T. de Forest, Jr., and

J.C. Hermans, Phys. Lett. 7 6B , 393 (1 978); T. de

Forest, Jr., private communication.
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METHOD REF. NO.

78Sh8 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPC 18 D 140 MAG-D DST

(18.1)

Energy spectra of 140-MeV electrons are measured after scattering by
;:>3 and :C nuclei. Peats above

the nucleon emission threshold are observed in the
,0B spectra at energies 8.26, 9 0, and 9.7 MeV, and at

1S.1 MeV in the
,2C spectra. The existence of these peaks and their energy location is predicted by

calculations based on inclusion of the contribution of triangle Feynman diagrams to the reaction

amplitude.

EX 18.1 MEV

Examines levels above the
nucl ear threshol

d

PACS numbers: 25. jO.Cg. 27.20. -+ n

i

FIG. 3. Spectra of 140-lleV electrons after scattering by i:C at angles 90 and 100*. We have indicated In the figure the ener-

gies of the discrete levels of
ll B and "C, and also the proton and neutron binding energies in the l2C nucleus. For each spec-

trum we have indicated the exposure in monitor units of the second range R2 and of the fourth range R4, equal to 20.3 X 10**

Coulomb.
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METHOD
I

REF. NO.

79 Bo 3 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

G, PI- ABX 150-360 C 150-360 ACT-

1

90

E , P I - RLX 200-360 D 150-360 ACT-

1

90

Total cross sections for 12C(y, >0 1JN and 7
Li(7,O rBe have been measured from

threshold to 360 MeV photon energy by detecting the radioactivity of the residual nuc-

lei, thereby singling out the ground state of l2N and the ground and first excited states

of r3e. The cross sections are found to peak at about 40 MeV pion energy and then to

fall gradually. In contrast to pion charge exchange and other photopion experiments,

these results are -well reproduced both in shape and in magnitude by distorted-wave

impulse-approximation calculations.

HG. 2. Yields for (a'
t2C and 'b>

? L1 as a function

of Incident electron energy. The theoretical curves

are those calculated from the corresponding cross

sections shown in Fig. 3 with the two-step background

added back in. (c) Real-to-virual ratios per equivalent

quantum (i.e., photoproduction-to-electroproduction

ratios) for i:C vs endpoint energy compared with

Daiitz-Yennie predictions.

20 *50 60 SO :00 '20 1^0

E r -Er ( MeV)

FIG. 3. Extracted cross sections for (a)
12C and

(b)
7 LI vs photon energy above threshold (shaded re-

gions). Calculation of EST 'see Ref. 13) shown as

solid Lines (full interaction) and dotted line 'Coulomb

only). Calculation of NTU (see Ref. 15) shown as dash-

dotted line.
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EL EM. SYM.

C 12

METHOO SEE. NO.

79 Eg 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP RLY 16-250 C 130,250 MAG-0 DST

Experimental data are presented on the inclusive photoproduction of protons in the nuclei l2
C,

:
‘Mg,

Cu. Sn. and *0,Pb irradiated by bremsstrahlung with maximum energies 0.13 and 0.25 GeV. The
regions of angles 30-90' and of photoproton momenta 0.24-0.48 GeV/c were studied.

PACS numbers: 25.20. + y

FIG. 2. Relative yields of photoprotons as a function of emis-
sion angle; experimental points: O. •—for pp

* 0.29 GeV/c;
<9> 0.34 GeV/c; 3, — 0.40 GeV/c. The hollow points are

for £,„ a 0.25 GeV and the solid points for 0.13 GeV:
a—for“C, b—for aCu, c—for :Mpb.

FIG. 3. Momentum spectra of protons. The experimental
points are as follows: O and •—for

llC, a—for °Cu, —for
2
®IR>. The hollow points are for £T— = 0.25 GeV and the solid

points are for £,^,= 0.13 GeV; a—for 5, = 30*. b—for 9,»60',
c—for 31*90'. The lines have been drawn through the experi-

mental points by the method of least squares.

TABLE II. Values of the exponent it la the A" dependence of

the proton yield In reactions (2) and (3).

rT -o.:i c«v rT—d.ijGrV

4e« G«V/c p,. G«V/c

o » 0.34 0.4U 0 2$ 0J4

30
60
00

t.lo=t>.04

1.02*0.03

1.17*0.04

1. 17*0.02
1. 11*0.03

1 .20=1 ur,
1.22=0.1)3

1214*0.05

0.59*o.'.8 0.62=0.06
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FIG. 5. .A -dependence of the photoproton yield in reactions (2)

and (3). Experimental points for £.^ = 0.25 GeV: circles—
p,- 0.23 GeV/c; triangles

—

p } = 0.34 GeV/c, squares—pf
= 0.40

GeV/c; half-open symbols—for 3, = 30*. open symbols—•),
=

= 60“, solid symbols

—

0t =
90'M

, for £,^ = 0.13 GeV: O

—

p t
= 0.29 G eV/c, 3, = 30*; *—p

P
= 0.34 GeV/c, 3„

= 30*. The lines

have been drawn through the experimental points by the method

of least squares.
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REF. NO.

79 Ep 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGwE

TYPE RANGE TYPE RANGE

G, PIOP ABY 0*600 C
450 CKV-D DST

*MOM .MFV/f) . COIN
The cross sections of reaction (7 ,

7t*p) on Li’ C'
:
nuclei were measured in the

0-600 MeV/c range of momentum transfer to the residual nucleus. For large

values of momenta, cross section values disagree with calculations carried out

within the framework of a shell model and a model of auasi-free meson
photoproduction on nuclei.

PACS numbers: 25.20. — y

>N

FIG. 1. Dependence of reaction cross section on the proton angle of emission: O—experiment, with total

measurement errors:— —calculations using plane waves; final state interactions taken into account;

effect of J-sheil shown separately; —calculations with momentum distribution from Ref. 3

with allowance for correlation by the Jastrow model. Oscillator parameters a, = a, = 115 MeV/sec for

Li “ nucleus.
11 130 MeV/sec for C i: and 1 13 MeV/sec for 0'V J Arrow indicates angle of proton emission in

the case of reaction y + p-~rr° - p.

roPM N3S-418
• P EV. 7-1 4.441

USC 3MM-N8S-OC

U.S. CEP *RTM£nT OF CCMME=CE
NATION A. O = S"ANC-i = 35

photonuclear data sheet 41 7



*e p
. J.B. Flanz, R.S. Hicks, R.A. Lindgren, G.A. Peterson, J. Dubach,

W.C. Haxton
Phys. Rev. Lett. 43, 1922 (1979)
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METHOD REF. NO.

79 FI 1 ng

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 12.15 D 0*3 MAG-0 DST

The structure and the degree of Isosptn mixing for the 1
+
levels in

12C at 12.71 MeV *M0M FM-1 , 2 LEVELS
(T=0) and 15.11 MeV (X=*l) are determined from measured 180°-electron-scattering

~~~~ ~

form factors. The resulting charge-dependent isospin-mlxing matrix element ranges
from 130 to 165 keV depending on the theoretical model of the Isoscalar form factor.

FIG. 2. The 15.11-MeV form factor. Solid circles

are the data of this experiment, and open circles those

of other experiments (Ref. 5) . The solid curve was ob-

tained as described in the text, and includes meson-

exchange currents. The inset shows the lSO'-Coulomb

distortion correction used to obtain the points shown.

FIG. 3. Shell-model predictions for the 12.71-MeV
form factor compared with the present data. The solid

lines show the (S— 1 6) 2BME prediction and the dashed

lines the CK-rCB-G prediction. The upper curves in-

clude isospin mixing with amplitude 3 as given in Table

I but the lower curves do not. The inset shows the

180*-Coulomb-aistortion corrections used to obtain the

points shown.
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ELEM. SYM.
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METHOD REF. NO.

79 G1 5 ng

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI-P ABY 150-390 C 390 iMAG-O 120

The differential yield of the reacuon
,:
C(y,tr~p) has been measured for a bremsstrahlung maximum

energy 390 MeV. The results of the measurement are analyzed in terms of the impulse approximation

and the shell model. Inclusion of the final-state interaction leads to satisfactory quantitative agreement of

the theoretical reaction yields and the experimental data.

PACS numbers: 25.20. + y, 27.20. 9- n, 13.60.Kd

FIG. 1. Differential yield of the reaction as a function of pro-

ton energy for <?T = 330 MeV.

>v, MeV

FIG. 2. Differential yield of the reaction as a function of the

invariant mass of the (np) pair at p r = 70 MeV/c.

FIG. 3. Differential yield of the reaction as a function of pro-
ton energy Cor '.V = 1200 MeV.

~

o

pm N 3S-4 18
'Rev. 7 • I A-041

USC OMM-N BS-OC PHOTONUCLEAR DATA SHEET 419
u.s. d£°artment:f commence

NATIONAL. 3UPEAUO” STAnCARCS



I.V. Glavanakov, V.N. Stibunov

Yad. Fiz. 30, 397 (1979)

Sov. J. Nucl . Phys. 30, 465 (1979)

ELEM. SVM.

C 12

REF. NO.

79 G1 6 hg

REACTION RESULT excitation
ENERGY

SOURCE CcTECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI-P ABY 150-390 C 340-390 MAG-D DST

We have measured the differential cross section for the reaction nC(y,ir~p) at photon energies 340, 360,

and 380 MeV in two ranges of residual-nucleus excitation energy (0-10 MeV and 10-40 MeV). The
results of the measurements are analyzed in terms of the impulse approximation and the shell model. It

is shown that the main contribution to the reaction yield is due to the quasifree photoproduction

mechanism. The interaction in the final state exerts a substantial effect on the value of the cross section.

An estimate is obtained for the parameter of the oscillator wave function of the neutrons bound in the
1JC nucleus.

CO INC PI- WITH P

PACS numbers: 25.20. + y

FIG. 2. Energy dependence of the cross section for e T
< 10

MeV: a—£,*340 MeV, b—£,^360 MeV, c—£,=380 MeV.

e = excitation energy of residua',
x

FIG. 3. Energy dependence of the cross section for 10 MeV
< e, <40 MeV : a—gj = 360 MeV, b—ey

= 380 MeV

.
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METHOD REF. NO.

79Ha2 hg

REACTION EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

E,E/ RLX 1*2 2*3 MAG-D 13

(.95-2.16) (2.18,3.06)

*GEV, RLX EVE-

The ratio R - a*la~ of the cross sections for inelastic positron and electron scattering on l2C and J7
A1 has been mea-

sured for four momentum transfers 0.08 (GeV/c) 2 < < 0.45 (GeV/c) 2 of the virtual photon and invariant masses 0.95

GeV < W < 3.3 GeV of the hadronic system. The mean value of the ratio is R = (1.005 i 0.027). No q
2

,
respectively. It'

dependence of the ratio is observed.

„, electron scattering angle. q~

,

four-momen-
Table L

Ration = aja. for inelastic lepton scattering on l2 C. E : , primary electron energy, 3 e ,

turn transfer of the virtual photon, IV. invariant mass of the excited hadronic system, A 2 ,
amplitude ot two-pnoton exchange, A i

,

amplitude of one-photon exchange. All errors include the systematic error contributions given in the text.

= 2.68 GeV, 9 e
= 13° £( = 3.08 GeV. 9 e = 13°

W q
2 R Kt(Ai/A i)

W R
2 R Re(A zlAO

(GeV) ((GeV/c) 2
)

(GeV) ((Go Vic) 2
)

0 95 0.342 1.027 r 0.06 ( 0.7 i 1.5)% 0.928 0.450 1.041 £ 0.031 ( 1.0 £ 0.8 )%

1 ^47 0 297 1.004 e 0.037 ( 0.1 £ 0.9)% 1.275 0.391 1.032 £ 0.029 ( 0.8 t 0.7 )%

1 473 0.254 1.019 t 0.037 ( 0.5 £ 0.9)% 1.520 0.337 1.025 ± 0.029 ( 0.6 £ 0.7 )%

l 67D 0 213 1.013 £ 0.037 ( 0.3 £ 0.9)% 1.702 0.292 1.045 £ 0.032 ( 1.1 i 0.8 )7o

1 855 0.168 0.948 i 0.04 (-1.3 £ 1.0)% 1.866 0.247 0.992 ± 0.032 (-0.2 £ 0.8 )%

2.022 0.199 0.983 t 0.031 (-0.4 £ 0.8 )%
0.985 i 0.025 (-0.4 t 0.6)%

2.163 0.154 0.957 £ 0.031 (-l-.lt 0.8 )%

1.019 £ 0.022 ( 0.5 e 0.55)%
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Fig. 1. Ratio R = nja. of inelastic positron and electron

scattering on ,2C and :7
Al.as a function of the invariant mass

W of the excited hadronic system, calculated for a free target

nucleon.
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METHOD REF. NO.

79 Ki 2 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , PA

'

ABX 27-120 C 120 CCH-D DST

G , NA ABX 27-120 C 120 CCH-D OST

— * Luagjs=i:i. uciu nas oeen iLsea co measure tne total and differential cross sections
as a function of energy in the interval from threshold to 120 MeV. Investigations were made of the energy
correlations of the reaction products, the distributions in the average energy of the particles, and the
excitation energy of the various intermediate states. It is shown that at energies above the giant resonance
the two reactions occur through intermediate excited states of the nuclei

UB and “C The excitation
energies and widths of the resonances of these states have been measured. An estimate is made of the
relative contribution of electric quadrupole transitions. Possible mechanisms for interaction of the y rays
with the nucleus are discussed.

Photon energy was calculated on the

assumption that the residual nuclei
are in the ground state.

PACS numbers: 25.20. •+ y, 24.20. — v. 2T.20. — n

3

,

mb mb

ZO ¥0 SO SO too

FIG. 1. Total oros3 sections for reaction (1) and (2) and their

ratio n as a function of y-ray energy, a)—total cross section

for reaction (11, b)— for reaction (2), c)— p=o-(y,pal/<T(y,na).

The solid curve shows the data of Hef. 9.

— ret. units 2S -J2 Mev

L i
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f \

1

pli <rU i
rta

|

ndc a 5f

lA f A F n

Mi
'/MA

JZ - *0 MeV

'1 2,
!

A ts

•

KSS

*0 -SO MeV

;

SO -120 MeV

T 'f
!

f,
MS' \ 0 *•} 'J* N.

o.s !.a as t.o a.s t.o o.s t.o a.s t.o o.s i.o

ik

nG- 2. Energy correlations of the products of reactions (I)

and (2) in various y-ray energy intervals. The solid curves
represent phase space. 3

-
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a rj t;n
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FIG. 6. Asymmetry coefficient 3 of nucleon angular distribu-

tions as a function of y-ray energy. Points: •— reaction (1),

a

—

reaction (2), C

—

4 He(y,pi 3H (Ref. 1 S>
. h and *

—

tHe(y,ai 3 He

(Refs. 5 and 5).
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TABLE L Comparison of integrated cross sections

r
*<Py)dET

J
*n

and yield of
r Be per equivalent quantum

r-rt

<Xg»
j

c{E7)dEjE 7

e y\

with the results of other studies.

*<{. pa»'U *C(Y, nol'Ba

£y . » M MeV-mb 9
iat

M«V*mb aq
,
mb

a 9 a b a b

25—40 3.9*0.; «[! 3.8*03 4.1 H 0.105=0.007 O.Qa3xO.C07 (»]

25-55 7.9=1)5 5.6*0.; 6.5*1.0l’l 0.142x0.007 0.143x0.011 •)

»-ao 9.3=0.

8

-v.it n 8 4x0.4 0.170x0.010 0.153x0.027
[
*•

f

28-100 96=0.6 5 3x0.5 0.176=0.010 O.lSOxO.OGO
(

l *j

28-120 9.7x0.6 10.3*1.0 [•) 3 9=0.5 8.6*i.r [) 0.179x0 011 0.100x0 030M
40-120 3.8=05 5.3 (•] 3.3 xOJ 4-5 t M
50-120 1.4=05 1.3 Ci 12±02 1-5 Cl

Note. In the columns, a is the result of the present experiment

and b are the data cited.

TABLE 0. Results of fitting the nucleon angular distributions by
a sum of Legendre polynomials: da/dll^ILl^A

t
(cos6).

Civ. rai'U "C(v. nai'Ba

*T.
M«V

mb mb
A-

"*•
.

1,6 mb
t

mb
«# II

** * ^ sr
**• W

IT

25-32 2.57x0.13 0 36x024 -0.00x0235 US ±0.13 -0.23x0.21 -028*0213
32-40 3.Lrr=t» t; 0.33x0.23 085x0.36 147x0.16 -0.16x0.23 -I.u5x0.36
40-30 12^x0 11 0.54x0 19 0.4i*u.23 0.99x0.10 0.00x0.15 -*> 40*0.19
7)0-70 O^ixO.LT) 0.42 xu. 11 0,55x0.12 0.46*0.03 0219x0.09 -0.02x0.10
jo— 120 0J3±0.UJ 0213x0.06 0223x0.07 lU 1*0,03 O^ixo.05 0.14x0.06



M.A. Kovash, S.L. Biact, R.N. Boyd, T.R . Donoghue, H.J. Hausman
A.D. Bacher
Phys. Rev. Lett. 42, 700 (1979)

REF.

METHOC1

ELEM. SYM. A

REF. MO.

79 Ko 1

12

hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

P,G SPC 53-89 D 40-80 NAI-D 60

Observations are reported from the first systematic studies of proton radiative capture

at intermediate energies. In addition to captures to the ground and first few excited

states, the reactions
'

,

B(p,y) t;C and :7Al(p,y) 2!Si reveal unexpectedly strong transitions

to isolated high-lying states. These latter transitions could take place via “second-har-

monic” giant resonances. Protons on 12C produce a rich spectrum of y rays which may
arise from captures to high-lying single-particle states.

EnMeV]
*0 50

3
,Ou

oh
Q ao-

3
io
f

JO>-

20 .-

I

t

o L

E^cvev i

v.”<

.

w*
\ AV V\

00
i

5 r
~

^ 0 i

A
7r

E-'SCVeV

Ep -EC.VeV
j

PULSE
3= « iso"

HE.GHT [CHANNEL NO.]

FIG. 1. y-ray spectra from the bombardment of MB
with 40-, 60-, and SO-lIeV protons, observed at 9

laij

= 60°. Labeled arrows Indicate the expected positions

of captures to the ground stare (y,) and low-lying excited

states of 12C. The peak labeled “19.2" is identified as
radiative capture to a state at ~ 19.2-MeV excitation

energy. Inset: time-of- flight spectrum, at£
> = 60MeV,

for events leaving more than 30 MeV in the Nal(Tl)

crystal. The time interval between the peaks is 12 ns.

Following beam bursts provide the “stop" signal;
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: REF. NO.

79 Mi 1 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PI+ ABX 150-175 C 175 TEL -I 4PI

, ;

The it
* photoproduction on l2C has been measured relative to the proton from 0-20 MeV above threshold.

Total cross sections from 0—i2 MeV, summed over states in ‘9 have been extracted with accuracies

between 5% and 8% relative to the proton photoproduction cross section. Distorted wave impulse
approximation calculations have been performed and show good agreement with the data. The yield from 0-3
MeV above threshold is well described by a one parameter fit for the ground state cross section using only
the cf ? term of the Hamiltonian.

NUCLEAR REACTIONS !JC(y, tT 12B, bremsstrahlung endpoint energies to 175"

MeV, deduced <rt£); calculated a(£) , DWIA.

DETECT PI-MU-E DECAY

TABLE II. Comparison of the total summed i:C cros;

section with DWTA theoretical calculation at several phc

ton energies above threshold.

triIt
(jab) °DWIa

2 1.02 = 0.03 1 .23

4 3.33 = 0.13 2.47

6 5.07 = 0.24 3.04

3 9.42 = 0.43 S .75

10 14.99 = 0.09 13.12

f.C. .7. a t Experimental vields Der equivalent quanta for piy.r'ln and fit generated from = 201 (p 'k) 1
1—0.0063-)

.

Tre^ fit provides the absolute normalization for the experiment. ib> Experimental vields per equivalent quanta for
C'7,- ) -B. me solid curve is obtained by folding the bremsstrahlung spectrum with the total summed cross sec-

tion shown in Fig. 4.
(over)
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2E lA9 (MeV)

FIG. 4. Unfolded total summed i:C(y, rV-B cross sec-

tion from a fit to the measured yields. The width of the

line represents the total estimated error. The upper
dasned line is the theoretical summed cross section

from Table II. Also shown as a dashed line is the ground

state calculation <Tpw[A from Table III.



*cf. J- Arends, J. Eyink, H. Hartmann, A. Hegerath, B. Mecking, G. Noldeke, ELEM _ SYM
H. Rost
Z. Phys. A298, 103 (1980) 12

i z

METHOD REF. NO.

80 Ar 8 hg

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLE

ENERGY TYPE RANGE TYPE RANGE

G,XP ABX 200-385 D 200-385 MAG-D DST

G,P PI ABX 200-385 D 200-385 MAG-D 54

G,PN ABX 200-385 D 200-385 MAG-D DST

G ,PP ABX 200-385 D 200-385 MAG-0 DST

Data are presented for proton emission off
1 :C using tag'ged photons in the energy range (0»P' I)

ZOO-385 MeV. The protons are detected in a magnetic spectrometer. In addition, charged (G,PN)
or neutral particles can be measured with a scintillation counter setup. Contributions to

the proton energy spectra from primary pion production and quasideuteron reactions are ( G , PP

)

separated using the coincidence data. The total ‘-Cfy, p) X cross section is derived as a

function of the photon energy. The data are compared to the predictions of an

intranuclear cascade calculation. Final state interactions have to be taken into account to

describe the data.

COINC P/CHARGED PION

COINC PROTON/NEUTRON

COINC PROTON/PROTON

i
d

;
<r j" po

j
n

f
jo

j

Si
dfl<jr0 J^sr Mevj
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dTidf,

L
sr MeVJ
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44 f.iaOM.v - i = 286 M«v -

2-i 2 -

oj-

4-* £* 362Mev
4 _ £ * 267 MeV

I

2.4 2 - J

1

i

1
.

4.J W * 343 MeV 4 _ £ s 249 MeV j

1

2.-j 2- 1

1
1

i

1

i \

1

4-i »
»

|

£*324 MeV iL £ * 229 MeV

2.'

1
‘

.

|

~
1

V i
j

4
-i

k z3C5 MrV kt 211 M«v
1

1-j

'

2_
-j

o 3
1

ICO :oo UO 200

% IMfVl

Fig. 5. Double differential cross section for the photoemission of a

proton off
i:C by photons of energies between 210 and 3SI MeV.

The laboratory angular range is aa-54 degrees

6 T rr f UO

Fig. It). Double oilferenttai cross 'cotton for the pnotoemission of
protons off

;:C o> photons with (315-2-53) MeV as a function of
the proton energ\ The proton angular inters al is 44J -64° a Single
arm data Ino particle m the scintillation counter arm is requiredl.
b—d The particle detected n the scintillation counter arm is re-

quired to be a charged pion b. a neutron c. a proton d

*Additional plots of type given in Figs. 5 and 10 are in Figs. 6-10, 11 and 12 of text.
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Fig. 13. Ratio of pp to pn pairs as a function of the photon
energy The spectrometer angle was restricted to 44°-54° while the

full acceptance of the scintillation counter arm was used for the

second particle

e
:o

'
l.ntll

- -

-

4
* .

-

4

•

: *

.

.
* 4 4 4

*
* 4

:co 250 300 350 -00

klHeVl

Fig. 15. Total inclusive cross sections for proton emission olT
1 :C

as a function of the photon energy. • total (•;, p i cross section. 4
total (•/, pi cross section without a pion in the final state. The
extrapolation of the data was done.. using the cascade calculation

PICA

Fig. 14. Distribution of the missing energy Em for V.V coincidence
events. The photon energy range is 553-391 MeV Full line: pn
coincidences, dashed line: pp coincidences

k I MeV

I

Fig. 16. Total cross section for (•/,/>) with a pion in the final state.

The dashed curve shows the sum of the elementary cross sections

for -;p — ~0
p and yii— v’p. The full line represents the result of a

Fermi gas model including pion final state interactions and Pauli

blocking
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«er P- Argan, G. Audit, A. Bloch, N. de Botton, J.-L. Faure, C. Schuhl

,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels

B. Van Oystaeyen
Phys. Rev. C21_, 662 (1980)

EL EM. SYM.

12

i Z

METHOD REF. NO.

80 Ar 9 egf

REACTION result EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,PI+ RLY 151-159 C 153-159 ACT-I 4PI

We performed a measurement of the y - 1JC— tt’
- - !:

B, t reaction up to 4 MeV sdovc threshold relative

to the y-^p-~Tr r
t- n reaction. The resulting cross section Is m agreement, at ihe accuracy level of — 5%

with the available theoretical predictions and with another experimental result.

NUCLEAR REACTIONS . , EL.: 0—l MeV, measured a relative to

proton.

E<, - Eth (MeV)

FIG. 1. Experimental yields per nucleus versus the

excess energy above threshold in the laboratory sys-
tem. The curves are best fits to the data using Eqs. (1)

and (2).

J

TABLE I. Photoproduction yield per nucleus for the

proton and carbon targets at different values of the nom-
inal bremsstrahlung endpoint energy Ec .

*~e

(MeV) (a.uj

Ee

(MeV)
•4c

(a.u.i

133.0 55.7 = 3.7 155.5 0.63 = 0.14
154.0 146.9 = 6.0 156.0 1.41 =0.21
155.0 3G7.0 - 3.7 15G.5 2.43 =0.27
155.5 333.9 - 11.3 157.0 3.76 =0.45
156.0 429.5 - 10.3 153.0 9.10 = 0 .55

153 .5 11.47 =0.73

'osu N8S-4 18
* R EV. 7-1 4.441
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Lett, al Nuovo Cimento 29, 65 (1980)

METHOD

EL EM. 5YM.
|

*

12

REF. NO.

80 Co 6

I
z

hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

P,G ABX 34-53 D 20-40 NAI-D 90

Cross section absolute scale obtained by normalization to the cross section of the

15.11 MeV (p,p',y) transition in 12c.

t„;NeV)

5 '0 '5 20 25 20 25

Fi*. 2. - al Differential cross-section for the "B(p, C reaction at 0Ilb » 90*. i>) Differential

cross-section for the "U([>. reaction at 0UO -90’. * ref. O. a. ref. i*>. present wort.
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sep. W.R. Dodge, E. Hayward, R.G. Leicht, B.H. Patrick, R. Starr

Phys. Rev. Lett. 44, 1040 (1980)
EL EM. SYM.

12

METHOD

80 Do 1 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE PANGC TYPE RANGE

G,G Abx 23-39
“"H

D 23-59
h

RAI-I DST

The elastic-photon-scattering cross section for 12C has been measured at 90" and 105"
in the energy range from 23.5 to 39 MeV. These data disagree with the predicted scatter-
ing, derived from the measured photonuclear absorption cross section, if only £1 tran-
sitions are assumed. To explain the difference in these cross sections, a large compo-
nent of electric quadrupole absorption between 24 and 40 MeV is inferred.

PACS numbers: 23.20.Js, 25.20. +y, 27.20. + n, 24.30.Cz

FIG. 1. The photon scattering cross section at 135".

The errors on the experimental points are standard de-

viations based only on the number of counts. The dashed

curve was calculated by using the total photonuclear

absorption cross section (Ref. 1) in the optical theorem

and the dispersion relation and assuming that only elec-

tric diple absorption occurs according to Eq. (6). The

solid curve labeled El shows the effect of applying a

form factor to the Thomson scattering amplitude accord-

ing to Eq. (9). The solid curve labeled EI+E2 repre-

sents the best fit to the data assuming that part of the

absorption cross section results from £2 excitations.

The two solid curves cross near 25 MeV with the onset

of the £2 strength. The introduction of £2 excitations

results in destructive interference above 25 MeV and

constructive interference below that energy, depending

on the relative signs of the real pans of their scatter-

ing amplitudes.

FIG. 2. The total photonuclear absorption cross sec-
tion and its,£2 pan. The upper solid curve is the pub-
lished total photonuclear absorption cross section de-
creased by 0.12% of the total attenuation cross section
and the dashed curves represent the upper and lower
limits resulting from the systematic errors. The £2
cross section obtained from the best fit to the photon
scattering data is also shown. The cross-hatched area
represents 2 standard deviations about the best fit and
corresponds to 2.7! 2

;? total energy-weighted £2 sums.
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A.V. Gann, V.I. Noga, Yu.N. Ranyuk, Yu.N. Telegin, G.G. Jonsson
Sov. J. Nucl. Phys. 32, 599 (1980)
Yad. Fiz. 32, 1161 (1980) 12

METHOO REF. NO.

80 Ga 8 ng

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABY 18-999 D 320-999 ACT-

1

4PI

G,N A BY 18-999 D 320-999 ACT-

1

4PI

999=1 .2 GEV

The rcaGUens '’C—"C and "CW’O. have been studied by the induced-activity method at electron andphoton energies from 0.32 to 1.2 GeV. Act.vat.on of the targets was earned ou, d.rectly by an electron beamTTve live of targets m the form of stacks permuted cross sections to be obtained for photodisintegrat.on anddectrod.smtegnt.on of the nuclet. Comparison of the eapenment w.th theoretical calculattons m the plane-wave approximation tnd.cates a dom.nant role of£ 1 transittons of photons in these react,ons.

PACS numbers: 25.20. + y. 25.30.Cg. 27.20. + n. 27.50. -(- e

energy. The data presented were obtained with allowance for
the £ a-uependence of the radiator thickness in radiation lengths.
Points: o— results of the present work and of Refs. 3 and 5,
•— Hef. 4, 7— Ref. 6, a— Ref. 7. Ref. 3.
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H. GoVinger, B. Schoch
Phys. Lett. 97B, 41 (1980)

EL EM. 5YM.

12

METHOD REF. NO.

80 Go 7 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPS RANGE TYPE RANGE

G,N0 ABX 60 C 60 TOF - 0 OST

AE
n
/ E

n
= 4% SREMS. TIP

Differential ( 7 . n 0 ) cross sections on i:C and 16 0 have been measured lor photon energies 60 MeV < Ey <. 160 MeV.

These results combined with the corresponding ( 7 . Po) cross sections support an absorption mechanism oi the photon by

neutron-proton pairs.

i

[
1 3 1

J.L. Matthews, D.J .S. Findlay. S.N. Gardiner and R.O.

Owens. Nucl. Phi's. A 2 6 7 ( 1976) 51.

io' 90° i:c* s; 3

Fig. 5. As lie. 4 tor 1

2

C. Proton data: ret. 1131.
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REF. B.S.
Sov.

Yad.

Ishkhanov, V.I. Mokeev, E.S. Omarov,
J. Nucl. Phys. 31, 730 (1980)

Fiz. 31, 1407 (1980)

I.M. Piskarev, V.M. Sorvinj ELEM. SYM. ! A

i

c

METHOD REF. NO.

z

12 6

80 Is 4 hg

reaction RESULT EXCITATION
ENERGY

SOURCE DETECT O R
ANGLE

TYPE RANGE TYPE range

G . G ABX 15-32 C 32 NAI-D 90

Cross sections have been measured for eiastic scattering of photons by the nuclei
1!C and ‘O in the region of

the giant resonance. The energy resolution achieved in the experiment is comensurate with the energy

resolution in the total pnotoabsorption cross section. It is shown that study of the cross sections for total

absorption and elastic scattering of photons permits spectroscopic information to be obtained on the high-

lying states of nuclei.

PACS numbers: 25.20. -t- y

3 V

I

~- 0 \

TABLE II.

A'

5 2 or

is

! i.

f i

: r / 1

1 I i

I
1

!l

Energy of

leveii, MeV »
t
|.»o.

b
Ref. 10, !

toutab-
Pr”'nI

Kjrruon I

wo'*

(Ael. 10)
present

WOTtl

18.4 '8.120 2 3-. 1
• 2 4x2 UO.d

20.5 20.5x0.2 J*. 1
• 2 6x3 o.Txo.;

22-24 22-2 * 1- 1* 25 50—5 12.6x4

n •
26.2 26.3x0 4 - 3.5 5x2 2.5xl

27 5 — - 1.5 — —
20.5 29_5xO.J - - 3x1 1.3x05

“O

17.1 ! 1
•* 3 - -

10.5 10 5xt) 2 1*. 1
*•

3 19x3 0.9x0 4

21 — IT t
—

6 - -

22.3 22.3x0 2 1
- • •• 30 65x10 10.7x4

2 i- _o IT t 30 85x10 10.7x4

27 2 2*. 1
- 3 10x3 0 9x0.5

- — - -
- 3 1.5xo 2 - -

IT.

3

1.3 7

1U3

t4.4

lit
M.3

•**Data of the present work and also of Refs, 16 and 17 oa the

position of the maximum of the giant dipole resonance.

A. 5. Tenfold and E. L. Garwin, Phys. Rev. 116. 120 (19591. -

J. Ahrens er ., Nucl. Phys A251. 479 11975). '/^Ai'-i

20 JS
E. M«v

FIG. 1. Cross section for elastic scattering of photons by 1! C

obtained in the present work (a) and in Ref. 9 (b) ; cross sec-

tion for total absorption of protons by l2C from Ref. 10 (c).
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Fiz. 32, 305 (1980)

Shvedunov, A.V. Shumakov EL EM. SYM. A

c

REF. NO.

Z

12 6

80 Is 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ARX 16-31 C 21-31 TEL-D 90

A semiconductor counter telescope in a bremssirahlung beam has been used to measure photoproton spectra

from ,!
C. The bremsstrahlung maximum energy took on the following values: 21.7, 23.4, 23.0, 26.6, 23.2.

29.6, and 3 1 .0 MeV. The photoprotons were detected at an angle 90". From the measured spectra we obtained

the energy dependence of the cross sections for the reaction
a
C(y.^) "B with formation of the final nucleus in

the ground state and a number of excited states. In the region up to 30.5 MeV the integrated cross section for

transitions to the ground state amounts to 73.7% of the total photoproton cross section.

SIG FOR GND ,1,2 STATE

PACS numbers: 25.20. 4- y

3 5 7 i u ] is

FIG. 2. Proton spectra with correction for energy loss In the

target (the spectra have been normalized to unit dose).

50 00 Or 05 05 JO O.v

FIG. 4. Partial cross sections for the reaction i: C(>,p) n B

at an angle 00*.

3 5 7 9 n 13
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FIG. 3. Residual spectrum of protons for = 31.0 MeV with
subtraction of the contributions of transitions to the ground
state and the first three excited states of the 11 B nucleus (with

energies 0.0. 2.12, and 4.44 5.02 .MeV).

TABLE I. Relative yields (in percent) of partial channels of

the reaction ,: Cfy,p

)

ll B.

Diu of Ref. J Oau of che present work

MeV .

Jn
£.7“. MeV Reiauv*

errors.
r-7“. MeV

-.1
1

”1)
|

J3.0
*0

I

:r °
i

:z i

7.30: 1 j

1 0.3

1

!
x30

!

|6.7'J.

1

" 3
1

u " iJU
1
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0.4 — JAJ

1
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1
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2.3 *u.2

i.o I ;.u
!

54 = 10 17.3=0.5 1 19.0*0 6 1 30 14*0.6

0.0;
11r 013

|

914 1 68. i 82-9*16
|

St.O±lJ
|

76.9*1.1

(OVER

POOM MSS-4IS
. P E V . '.I 4.441
JSCOMM.OC 260 I 0. 06 4

"
'

1

PHOTONUCLEAR DATA SHEET
J.S. CERARTMP.VT 0

“ CC.iMifC.
national slseao c “ s r : a h : ;

435



TABLE II. Integrated cross sections
(

J

£
*! c(£W£, MeV-mb/sr)

of partial channels of the reaction i: C(y,p) u 3.

£J,MeV
j*

Data of Ref. 3 Dau nr The present won

E,—E,. M«V MeV

Threshold
5-27.0 *7 0-33.0

Threshold

5.02; J/r O.t 0 o.t

J
0.4AM: J/j-

'

0.05 0 0.15

112; *•/,- lUd) 0.05 02 1.1 0.3 1.0

Ground xu ta % 5.0 1.2 1.6 •u u 1J2

\U exated sum 0.4 0.2 f5) 0.6 l.l 0J 1,4
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Khodyachik, P.I. Vatset, I.V.

Ki richenko
J. Nucl . Phys. 32, 453 (1980)

Dogyust, V.A. Zolenko, EL EM. SYM. A

C

REF. NO.

Z

12 6

80 Kh 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NP ABX 34-150 C UKN CCH-D yj

A diffusion chamber in a magnetic field has been used to measure the cross section for the reaction N P PAIRS
C •+• r—9 4- e — t0B as a function of y -ray energy, and also the distribution in relative energy of np pairs in

~

the intermediate energy region. It is concluded that the main mechanism of the reaction is the interaction of
the y ray with a correlated np pair from the p shell of the carbon nucleus.

PACS numbers: 25.20. 4- y. 27.20. 4- n

a, mb

FIG. -. Total cross section as a function of energy. The
hollow circles are from the present experiment, and the curve
from Ref. 1.

TABLE II. dependence of total cross section on energy.

r,. MeV
|

9- id". cm i

Zi-J6 0.33*0 OS
36-38 Q.50=U.l>ti
53—.0 u.62-uor
«‘1—c2 O.tlZsO'M
w2- r-* " bur*'**;
-n—tO U 2>J*t.' LYJ

0 S2*t> u7
O Uxim.*

5 1 — S-* 0 26*uu5
54-57 u 3:=o us
5< -cj 0.27*V.U*
Ov>—oj 0-23xu.i>*

o io" cm* •

j

M.V

t.5*0.5 83-48
0 9*0.3 68-73
a < ro.2 73-73

0 00=0.2 78-83
0 i5=0.2 33-.MJ
0.it/*O.2 38-98
0.7*0 2 '38-108
)b=U 2 103-118

0 s5*uj 1 18- 123
0.J*O.

2

123- 128
J.3*0.i

0.25*0.2
13S-148

9- 10". an* 9 io cm 1

0.30*0.04
<3. 29*i).04 0.7*0 4
0.25*0.04 0.3*0 !.»

0.13=0.03 o.3*o.t:.
0.21=003
0. 18*0113 _
0.18*0.03 033*015
O.MGxo.02 0.10*0.05
0.<)89*O02 0212*0.12
0XtS3*O.019 0.15=0.07
0073*0.03 0210=0.10
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«er. K. Min, E.J. Winhold, K. Shoda, H. Tsubota, H. Ohashi, M. Yamazaki
|
ELEM . sym.

Phys. Rev. Lett. 44, 1384 (1980)

12

METMOO REP. NO.

80 Mi 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,PI+ ABX 4 D 200 MAG-0 DST—
rrci

Strong spin-isospin mode, T = l, T, = X analog states at 4.5 MeV in
UB were studied by V IRT PHOT ANAL

the reaction l2
Cte, e'j*)

l23 at the electron energy E, = 200 MeV. The photoproduction
cross sections at seven angles ranging from 30* to 150’ were obtained with use of virtual-
photon theory and an experimentally determined real-to-virtual photon ratio. The results
are compared with theoretical calculations and also with the available data on inelastic
scattering from the 19.5-MeV T = l, T, =0 analog complex in

12
C.

PACS numbers: 24.30. Cz, 25.30. Cg, 27.20. + n

FIG. 1. The pion energy spectra from l2C at 9 = 50’

and 130’. The solid curves are least-squares fits to the

data using virtual-photon spectrum shapes (Ref. 3), with

the lower lines representing the background due to tran-

sitions to the ground and 0.95-MeV states in
l2
B.

FIG. 2. Photopion cross sections compared with the

shell-model calculations using the a • e production am-
plitude (Ref. 10).
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FIG. 3. Photopion cross sections compar-'d with the

shell-model calculations (Ref. 11) using the full Blom-
qvist-Laget amplitude (Ref. 12). and also with the Heim-
model calculations (Ref. 13).
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EL EM. SYM.
|

A

C
j

12 5

METHOD REF. HO.

80 Sh 9 1 he

R EACTION RESULT £XC!TAT10N
ENERGY

SOURCE DETECTOR
AN G _ E

TYPE RANGE TYPE 34NGE

E,PI+ ABX 150-195 D 195 MAG-0 DST

Abstract: Enerev distributions of t* produced from
UC by electrons of total energy 195 MeV were VIRT PHO I ON ANALYSIS

measured at various angles. The results show large contributions from transitions ieavmg the

residual nucleus in the ground 1 1 T. rirst (2~ j excited stale and states at around.4.5 MeV. The aneular

distributions of
l

‘Cly, rrV'B leading to these residual states are deduced from the energy

distributions by the unfolding method with the virtual photon theory. Theoretical results with the

Helm model and the shell model are compared with the experimental results. Their relative shapes

are in good agreement. A better agreement in the absolute value is found for the theoretical results

which include the final-state interaction estimated with a pion optical potential. The surface

production model shows better agreement with the experimental^ y, m ‘i cross sections than the

volume production model.

NUCLEAR REACTIONS "Cle, t*>, E = 195 MeV, measured <mE,-, A. 'B deduced

levels, transition strength. Natural target.
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Fig. 10. Angular distributions of
i:
CIy, rrT

i:
8. Open circles: present result for the residual ground state;

closed circles: that for the first excited residual state; crosses: for the residual states at around 4.5 MeV
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,
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6*(C M )
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Fig. 1 1. Comparison of cross sections of the Ht y. ir'l reaction. Open circle: present result: closed circles:

previous result
3J

).

Fig. 16. Comparison of angular distributions for
12
C(y, tt*)

i2
B leaving the residual states at around

4.5 MeV. Open circles: present result; broken curves: theoretical estimates with a generalized Heim

model for the residual states 4.5 MeV (2”) and 5.0 MeV ( 4 ~) as indicated solid curve: sum of the

. above estimates.

Fig. 17. Comparison between the photon spectrum in radiative t~ capture of
l_C [ref.

15
)] and the

transition strengths of the ''C(y. reaction. The strengths are normalized at £, =0.
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EL EM. SYM.

c

A

12

z
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METHOD REF. NO.

81 A1 8 hg

R EACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,P ABY 16-999 C 999 TEl-D DST

kbstract: The angular dependences of proton photoproduction from the
irradiated by bremsstrahlung y-quanta with maximum energy 4.5 G<
region li e. in the kinematical region in which the production of protons
of the given energy with the quasi-free nuclear nucleon is forbidden)
region, are investigated. The experimental data obtained are com

luclei
U
C,

63
Cu and

:i,8
Pb

:V, both in the cumulative

and in the non-cumulative

pared with the results of
theoretical calculations of cumulative proton photoproduction according to the following models: 999=4 .

5

GEV
the quasi-two-body" scaling model, the low-nucleon correlation model, the fluctuon model and the
cluster model.

NUCLEAR REACTIONS C. Cu,
' 8

Pb(y, pi, E = 4.5 GeV bremsstrahlung; measured
criEp . 8p)\ deduced reaction mechanism. Natural target.

FORM M3S-413
(R ev. 7-1 4— 441

USC OMM-M BS-O C
442

Fig. 3. The invariant cross section of the reaction y- A— p-X as a function of the detection angle oi

protons on the nucleus 'C irradiated with bremsstrahlung y-quanta with the maximum energy 4.5 Ge\
• -the proton energy SO MeV. A -100 MeV, 3-136 MeV. C-1S0 MeV, L-:i() MeV. Z-290 MeV
Statistical errors do not exceed tne symbol sizes. The lines are drawn through experimental points by e\ e
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EL EM. SYM.

c

A

12

z
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MCTHOO REF. NO.

81 A1 14 egf

reaction RESULT
excitation
ENERGY

SOURCE OETECTOR
angle-

TV PC RANGC TYPE RANGC

G,PX ABY 130*4 C *4 MAG-D DST

Expenmentai enenrv and anzular distnbuttons an Dresented for inclusive protons emitted from the
IJC

nucleus bombarded by bremsstrahlung with maximum energy 4.5 GeV. The

range of angles 20-120* and momenta 0.4-1. 3 GeV/c. It is shown that tf

photoprotons in the case of cumulative production are sansfactonly described

noncumuianve Drotons the sDectnim is flattened out in the hian-enersry re

protons were detected in the

by an exponential, while for

non. The exoenmentai data

obtained are analyzed from the point of view of a number of theoretical models proposed for description of

cumulative particle production.

*4=4.5 GEV

PACS numbers: 25.20. — y

TABLE I. Invariant yield of protons In the reaction y
l2C — pX

at Ermat
= 4.5 GeV in units of ub -c3/GeV2 sr Q.

r . ov
» P . leg

:o ;o 60 w 120

0.223 4940=130 2320=60 13Z0±30 408=13 155=4
0.317 2650*70 1110=30 389=10 67 0=3.0 13.6=07
0.425 1340=40 444=14 1-8=3 11.4*0 6 1.66=0.17
0330 ’94*23 222= 7 33.3=1.4 1.3A*0 23 0.173*0.028
0.52 sd-lt 1

4

93.7=3.0 tl.2=U.« 02147*0.051 -

8 a efl

FIG. 2. Proton energy spectra for various values of the angle

( «, O— for 9,= 20*; , v—40”; a, a—SO"; *, a—90"
; a,

o— 120*; O— ISO’). The solid points are the experimental data

of the present work for the region 0.7« pt& 1.3 GeV/e, and the

hollow points are the data of Ref. 15 for p,< 0.5 GeV/c;
-4.5 GeV.

FIG. 7. Angular distributions of photoprotons for various values of their momenta: —proton momentum p( - 0.4 GeV/c. •—0.44

GeV/c. a— 0.52 GeV /c, a—0.608 GeV/e, 3—0.66 GeV / c, O—0.59 GeV/e, v—0.79 GeV/c. v—0.84 GeV/c, D—0.98 GeV/c,
a— 1.13 GeV/c, o—1225 GeV/c. The hollow points show the experimental data of the present work for the region 0.7^ p,$ 1.3

GeV/e. The remaining points are the data of Ref. 15 for pt& 0.3 GeV/c. The arrows indicate the boundaries between the cumula-
tive and noncumulatlve regions. The solid curves are the results of calculations according to the cluster model lai, the FNC
model (1)), and the two-particle scaling model |c). The solid and dashed curves (see the text) marked by identical numoers
correspond to Identical momentum values p*.
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METHOD

EL EM. SYM.

C

REF- NO.

I Z

12

81 A r 1 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TVP€ RANG* TYPE RANGE

G,MU-T ABX 215-386 D 215-386 TOF-D 4PI

DATA ALSO IN 81AR3

Double differential cross sections for the photo-emission of protons and charged pion production were investigated for
a number of target nuclei (He. Be, C, O, Al, Ti, Cu, Sn, Pb) in the photon energ/Tange k = (215-386) MeV. On the basis
of these experimental results the total hadronic cross section was determined.

Fig. 7. Parameter a0 as a function of photon energy (data points) compared to the mean ctoss section for a free nucleon (solid line).

The total hadronic cross sections for all measured

elements can be parametrized in the form

o{k,A) -
cr0 (/c) • Ax ,

A being the atomic number, with a constant exponent

x -
1 .1.. The photon energy dependence of a0 is shown

in fig. 7. Compared to the mean cross section for a free

nucleon (the solid line in fig. 7) the excitation of the

A-resonance is suppressed. Such a suppression is ex-

pected in the A-hole model [11].
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G. Ndldeke, H. Rost
Nucl. Phys. A358, 367c (1901)

RCF.

METHOD

EL EM. SYM.

REF. NO.

81 Ar 3

12

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR

G.MU-T ABX 215-386 0 215-386 TOF-D 4PI

nuStract: uouce differential cross sections for the photoemission of protons and
charged pion ohotoproduction were investigated for a number of target nuclei
; C, 0^ A1 n, Cu, Sn, Pb) using the tagged bremsstranl ung beam at
the sonn 500 i-eV-Syncnrotron in the photon range k = (215-386)MeV. On tne ba-
sis of these experimental results the total hadronic cross section was deter-mined.

„ k (Me'/
rig. 2. cross section for the process: y + Pb - p + x.

The proton threshold is 53 MeV

.

soo
r

4 50

4 00

3 50 _
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3 00 j_
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* v
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1
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f Mfltfit 2
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|
Thi* rn«os^*m«nt
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k (MeV)

Fig - 3 ‘ Total hadr°nic cross section for Be. The data are compared to the cr
section taken from ref.-).

a-e tlTpF
deD ?"dende of the total cross sections for heavier nuclei

fom
' e 3e resu '- s - lhe complete data set can be parametrized in the

o

-a

z>

a ( k , A) = j
Q
(k) . A

x
.

The exponent is constant x = 1.1. The photon eneroy dependence
rig. 4. .ompared to the mean cross section for a free nucleon
the a-resonance is suopressed.

of c0 is shown in

the excitation of
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method
: '

Ta royan. £L EM. SYM. A Z

c

REF. HO.

12 6

81 Av 10 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE

TYPE RANGE

$ G,XP RLX 0*2 0 0*2

We report the results of a study of the reaction y.4—pX at an angle =» 10CT lab in a beam of
quasimonochromatic polarized photons. The measurements were made for three values of photon energy
i£. =* 0.69, 1.40. and 1.95 GeVI in the nuclei ‘C. "Cu, and 'a,

Pb. The range of kinetic energies of the protons
was —-100-230 MeV. It is shown that the slope parameter B for the invariant cross section / = Cespt — Bp')
is a weak tunction of A and does not depend on f, , but the parameter C7 =* C/A (T

.

increases with increase of
Er , the slope of the lines Cr [Er )

being greater for larger A.

DETECTO R

TYPt RANGE

TEL-D

CQH-BRMS .69*1 .95 GEV

angle

100

PACS numbers: 25.20. +• y, 13.60. Rj

X una

FIG. 2. Invariant cross sections/ for photoproduction of

cumulative protons as a function of their momentum squared

for three target nuclei (
i:C— lower family of points. ^C— mid-

dle family of points.
:3‘PN— uoper family of points). The 3olid.

hollow, and combined points correspond respectively to the

values 0.69. 1.40 and 1.93 GeV. The curves are de-

scribed in the text.

Cj
.
f#4. uftolS

FIG. r.ho dependence of the parameter Cr on Er . Points:

c—

'

i:C, =—^Cu, c.— ;,7 Ph.

tap lx

Nucicu*

Ey, OCV Parameter

•c “Ca -P»

) 69 a 3.30=0.51 11.01=0.32 10.19=0.38

c 663 t;;
yyr-y "^7

>.-*0 3 10.43=0.31 11.21=022 9.03*0.V.

c 105.4 9T3 Tli 3358 Zl’l-

1.25 3 tO 36=0 49 11.14=0.37 10.07=031

C 138.0 Cjg o lair:;;;

.Vote. The parameter B is given in units of (GeV/d”1
, while

C is given in relative units.

j

TABLE I. Invariant cross section/ (in relative units)

**Tb
069
1.40

1.35 1

392.7 =3.3
520.3= 33

734.0=66.0

(REV. 7. ( A-5AI

U1COMM.N85-OC

N%>deu*
Ev .

G«V

Tp ,
MeV

us
|

isa 173 IM
|

2X0 =-’

«C

“Ca

0 09
1.40

t.05

0.69

1.40

1 .’Jo

:.S3i0.13
9.13*0.34

1113*1.00

4.80*0.10
5.04=0.50
7_24x0.7l

140=0.06
4.04*0.2*

L9 1*0.33

1.88=0.05
2.60=0. to

3a»2=0.4G

rPl m«v

1.53=0 05 I 1.03*u.0

»

1.68=0.16 1.97 su. 12

2-i4=0.3a 1 1.(0=0 20

0 .V*=n "3
U i’lsi'ii'.i

1 UO=o 22

M 130 |
its

i

- 8 * 1 93
|

:03

54.73=0.89

82.54=2.52

123.u=u.65

39.66=0.08
5D.43=2.t4
. ,.i -5=5.33

25.10=0.53
37.70=1.73
46.52=4.11

15.97=0.43
21.12=1.41

31.81=3.30

11.34=0.33
14.33*1.05
21.52=2.44

8.49=0.25
S.57 =O.o0
1142=157

4.59=0 20
5.21=0.bl

3.37=1.42

: '.1 1=5.4
363.8= 1 7 .3

523.0=50.5

172.5=4 8

223.2=132!

m6=36.

7

118*2=17
t472U9.»
213.4=23.3

63.3=15
106.2=6.7
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76.8=7 0
108.3= 16.9

31.2=1 2

42-3=5 6

52.4= 12-5

PHOTONUCLEAR DATA SHEET 446
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAu OF STANQARCS



ref. R.O. Avakyan, A.E. Avetisyan, N.Z. Akopov, S.S.
I .Kh. ,Kosakov, A. A. Oganesyan, Zh.V. Petrosyan,
G.M. Elbakyan
Sov. J. Nucl. Phys. 33, 448 (1981)
Yad. Fiz. 33, 858 (1981 )

METHOD

Danagulyan,
S.P. Taroyan,

slew. sym. a z

C 12

REF. NO.

6

81 Av 13 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

$ G,XP ASM 0*2 C 0*2 UKN 100

C0H-8RMS .69*1 .95 GEV

At the present time it is rather well established that

the experimental values of the invariant cross section

J ={E/pl
){d

23/d9.dp) of the reaction

peak has enabled us to measure the value of the cross-

section asymmetry £ of the reaction yA —pX. The

asymmetry was calculated from the relation

aA-bX (1)

in the cumulative region 1,2 are described by an expo-

nential dependence of the form / =C exp(-Bp2
). Most of

the experiments in which reaction (1) induced by

various particles (it, p, y, . . .), has been studied were
designed to study the energy, angular, and A depen-

dence of the parameters B and C.
3-9 As a result of

the investigations it is has been established that the

parameter 3 does not depend on the mass number A
of the target nucleus, on the type of incident particle,

or on its energy, beginning with Ea
=* 1 GeV, while the

parameter C, = C/cr , 0 ,
(a

,u ,
is the total cross section for

the jA interaction! does not depend on the type of

particle a. in addition to the established properties of

the quantities B and C it would be interesting to check

the dependence of the parameters B and C on the direc-

tion of polarization of the initial particle. For this

purpose it is necessary to measure the asymmetry T

of the cross section for reaction (1) as a function of

the direction of the initial-particle polarization vector.

In the present work we report the results of a study

of the photoproduction of cumulative protons at an

angle d r# = 100
C

in the laboratory system in the nuclei
l2C,

MCu, and 297 Pb for three photon energy values

(£ r =0.69, 1.40, and 1.95 GeV). The possibility of

measurement at a definite photon energy was based on

the use of the method of subtraction of the coherent

peak10,11
in the spectrum of quasimonochromatic pola-

rized photons emitted by electrons in passing through

a diamond crystal. 12 The existence of a significant

degree of polarization of the photons in the coherent

TABLE I.

Nucleus

Ft.OaV '

c

**Cu Pb

z di£> Z
j

ffiX) «12>

0.69 -0 076; =0.0233
1

-0.1539 *0.0351 -0.1102 =0.0323
1.40 o.wo: =0.0386 0.0831 sO.'jJb'J

1.95 O.OoSO =0.0935 O.luJo
|

=0.1,31 ••J931 =0 1133

1 r-r
P, y'+y--2y-

'

where y~ are the reaction yields in the case of per-

pendicular and parallel orientation of the photon polari-

zation vector with respect to the reaction plane in the

coherent bremsstrahlung spectrum; y* is the reaction

yield for an ordinary bremsstrahlung spectrum; is

the average value of photon polarization in the sub-

tracted coherent peak.

Measurements of £ were made in the nuclei 12
C,

S4
Cu,

and 397 Pb for protons with kinetic energy respectively

T p
= 173, 134, and 163 MeV. The energy bin was AT

= =60 MeV.

The experimental apparatus and measurement tech-

nique have been described in detail elsewhere. 13

Numerical values of G with their standard deviations

u(G) are given in the table.

The values of a(£) contain both the statistical error

and the error in determination of the quantity ?
y

.

13

From the figure, where we have shown £ as a function

of Ey for the three nuclei it can be seen that the ab-

solute values of the asymmetry in the region investi-

gated are insignificant and depend weakly on E
y

. We
note that G for carbon is close to zero for all £

r ,
and

the maximum value 0.29 J: 0.16 is achieved in the case

of lead for Ey = 1.95 GeV. The data show that within

experimental error the asymmetry is almost indepen-

0.3 i , q /. j z.o

FIG. 1. Asymmetry I of the cross section for photoproduction

of eummulative protons as a function of the photon energy E,

for target nuclei 12C (G), M Cu (G), and 207 Pb ii>-

=o»m N3S-4I8
IR EV. 7- 1 4-441

USC OMM-N BS-OC
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CLEM. SYM.
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REF. NO.

81 Be 11 hg

RESULT EXCITATION SOURCE DETECTOR
ANGLEREACTION ENERGY TYPE PANGS TYPE RANGE

S G,XP SPC 0*2 D 0*2 TEL-D 100

We report the results of a study of the reaction yA—pX at an angle 9^ — 100" lab in a beam of

quasimonochromauc polarized ohotons. The measurements were made for tnree values of photon energy

=0.69. 1.40. and 1.95 GeVHn the nuclei
:

C. “Cu. and
;0,

Pb. The range of lunette energies of the protons

was ~ 100-230 MeV. It is shown that the slope parameter D for the invariant cross section / - Cespt p I

is a weak function of.-l and does not depend on Er . but the parameter Cr = C/Aa, increases with increase ot

the slooe of the lines Cr [

E

y )
being greater for larger A .

PACS numbers: 25.20. -r y, 13.60.Rj

COH-BRMS . 69* 1 . 95GE

r. 'tt unit!

FIG. 2. Invariant cross sections/ for photoproduction of

cumulative protons as a function of •heir momentum squared
for three target nuclei (

i:C— lower family of points.
';JC— mid-

dle familv of points. "“Pb— unper family of points!. The solid,

hollow, and comnir.ed points correspond respectivelv to the

values £ v
~ 9.69. 1.40 and 1.9.3 CeV. The curves are de-

scribed in the text.

FIG. The dependence of the parameter C on E . Points
‘-C, 4—-’Cu, - j7 Ph.

TAr.i.K

*7, ue>
! Parameter

!
i “Cu

j
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!
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\
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j
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Sote. The parameter 3 is given in units of (GoV while
C is given m relative units.

.ARLt !. Invariant cross section / (in relative units)

r0t Mcv

CcV
us lZi 123 173 130 :to

0.C9 :i.f-'J.I3 4.50=0 . :o 3 .40=0 0« 1 .33=0.05 1 .53=0 03 1.05=0.0 * tir.3sn.id
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81 Le 5 egf

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G , G RLX 15 D 15 NAI-D DST

•

A facility for the measurement of absolute cross sections and angular distributions of photons scattered elastically from nuclei
1 5 = 1 5 . 1 1 MEV

has been set ud in the Mainz Linac Laboratory. Quasimonoenergetic photons of 8-100 MeV are produced by the method ot the

positron annihilation in flight. The scattered photons can simultaneously be detected In four Nal(Tl) spectrometers, which are

installed at different scattering angles. The performance of the system and test measurements are discussed.

fig. 11. Measured angular distribution of photons scattered

trom the 15.11 MeV level in
l *C (points with error bars) in

comparison with the dipole angular distribution (full line).

Tile scattering cross section has been adjusted at 90” to be

0.5.
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REF
- G.J. Lolos, S. Hontzeas, R.M. Sealock

Can. J. Phys. 59, 271 (1981)

ELEM. SYM.

C

A

12

1

6

METHOD

j

REF. NO.

81 Lo 6 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ABX 16-200 D 200 MAG-0 DST

Double differential cross sectioris at six angles ranging from 45° to 143° h ave been measured tor

me ‘-v.itf.pie reaction, i ne proton enerev ringed trom n.o to i / .1 Me v at an mc:ueni electron

energy of ZOO MeV At the backward angles our results are in good agreement witrrdata reported

by Vysotskaya and A tanas ev but for forward anaies trie results are lower.

On a mesure Ies sections efficaces differentielles doubles, a six angles allant de 45° a 143'’. pour

la reaction ,;Cie.p)e L'energie des protons variait ae 15.6 a 17. Z MeV. pour une energie des

electrons incidents de ZOO MeV. Pour ies angles vers i'amere nos resultats sont en bon accord

asec Ies donnees rapportees par Vysotskaya et Afanasev. mais ils sont plus bas dans le cas des

angles vers I'asant.

C-ai.J Phys.. 39 :T!(14x|l
(Traduit par le journal

|

FiC. Z. Angular distributions of 15.6 ' •>. 16.Z( — '. 16.7 (Z). and 17.2 IS) MeV protons. The data of Vysotskaya and

Afanas'ev i * . ref. 3) -ire also plotted lor comparison purposes. The error bars retlect me statistical uncertainties onlv.
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* e , R.M. Sealock, H.S. Caplan, G.J. Lolos, W.C. Haxton

Phys. Rev. C23, 1293 (1981)
CLEM. SYM.

12

METHOD RCF. NO.

81 Se 2 hg

REACTION hesult EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RAN CC TYPE RANGE

E.PI+ X
CC 6*13 O' 200 MAG-0 DST

Angular distributions for near threshold electroproduction of positive pions from ;2C arc re- *PI0N ENERGY IN MEV
ported and compared to theory. These data provide tests of recently developed second-order

optical potentials and of the nuclear response to electroproduction in the giant resonance region.

NUCLEAR REACTIONS 12C( e. ir^e' ); measured <r(Er.9). Er — 200 MeV.
Er ^6— 13 MeV; calculated cr. distorted wave Born approximation; giant resonances.

FIG. !. Double differential cross sections for
l2C(e. rr*e') as a function of 0, for 6, 9. and 13 MeV pions.

Theoretical results are given for transitions to Qffm final

states in
l: B (dashed line), to Gf<u and \Kui states (dash-

dotted line), and to all states kinematically allowed 'solid

line).

FIG. 2. Uouoie differential cross sections for

l2C(r. at tf -45". J0°. and I
A? 5

as a function oi pion

energy. The SO' and 90" data of Shoda iRef. 13) are s.iown

for comparison. The theoretical curves arc as in Fig. 1.
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TABLE I. Double differential cross sections for
l2C(e. ir*e') (nb/MeV sr).

\
£. (MeV)\

45* 65’ 90* 105* 120* 143°

6.0 0.204 £0.022 0.224 + 0.025 0.300± 0.024 0.278± 0.035 0.273 ± 0.023

7.0 0.224+0.021 0.245±0.022 0.329± 0.033 0.268 ±0.032 0.3 1 0 ± 0.02

1

0.297 ±0.02!

8.0 0.226 £: 0.020 0.261 ±0.040 0.3*40 ± 0.02

1

0.334± 0.020 0.295 ± 0.020 0.304 ± 0.020

9.0 0 247 + 0.020 0.276 + 0.020 0.353 ± 0.030 0.339= 0.020 0.234 ± 0.020 0.305 ±0.020

10.0 0 252 ±0.020 0.282±0.029 0.357±0.030 0.328 ± 0.020 0.278±0.020 0.295 ±0 020

11.0 0.256 + 0.029 0.234± 0.029 0.351 ±0.029 0.313 + 0.019 0.273 ±0.024 0.233 ±0.019

12.0 0.258 ±0.029 0.384± 0 029 0.343 ±0.029 0.297 ±0.019 0.269 ±0.029 0.275 ± 0.019

12.0 0.259±0.028 0.381 ±0.028 0.331 ±0.029 0.231 ±0.023 0.265 ±0.038 0. 266 ± 0.0 1

9



M. Bernheim, A. Bussi£re, J. Mougey, D. Royer, 0. Tarnowski,

S. Turck-Chieze, S. Frullani, S. Boff i , C. Giusti, F.D. Pacati,
G.P. Capitani, E. De Sanctis, G.J. Wagner

Nucl . Phys. A375 , 381 (1982)

CLEM. SYM. A

c

M6TH00 REF. NO.

Z

12 6

82 Be 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE-

T Y PC NANGC TYPE BANSI

E.E/P NOX 312*572 D 500 MAG-0 DST

Abstract: The measurement of recoiling nucleus momentum distributions in (e.e'p) reactions has been

performed for p-hole states in
1

2

C and
1A0 under extended kinematical conditions. The analysis

of the experimental data has been performed without requiring the usual factorization of the cross

section. The sensitivity of the data and of the analysis for deducing bound and scattering proton

states is discussed.

DLTQ MEV/C

£
j

NUCLEAR REACTIONS U
C,

ls
O(e,e’p), £ = 500MeV; measured cr (missing enersy,

, recoil momentum); deduced proton-hole spectrai functions. Unfactonzed DWIA analysis.

Table 7

Experimental values of the momentum distributions i without corrections for radiative effects)

for
12
C(e, e p)

:

'B in perpendicular i a) and parallel lb) kinematics

P B

; MeV ! c)

Perpendicular kinematics

Si pliGeV/c)"
3 = J5i p

)

Parallel kinematics

S(piiGeV/cf
3
±-lS(pj

pa < 0 ?b>0 pB <c 0 p9 >0

15 7.3 = 2.5 11.0 = 3.4 13.2=1.5 8.1 = 1.0

15 11.7 = 2.6 14.1 = 3.8 16.2= 1.6 3.6= 1.0

35 22.2 = 3.9 20.6 = 5.4 25.0=2.1 11.3=1.1

4-5 29.0 = 3.0 29.0= 3.1 31.3 = 2.4 16.8=1.5

<5 36.3±3.2 30.7 = 3.0 35.7 = 2.7 22.3 i 2.0

65 44.5 = 3.9 36.3 = 4.0 38.6 = 3.0 27.5 = 2.7

75 50.8 = 4.8 43.6 = 6.1 41.0 = 3.2 34.0 = 4.0

85 65.2 = 6.5 50.2 = 4.3 44.1=4.8

95 54.8 = 4.5 50.1 = 4.3 51.4 = 4.2 47.8 = 4.8

105 56.0 = 4.1 48.1 = 4.0 47.4 = 3.8 46.0 = 4.2

115 48.3 = 3.8 48.4 = 4.4 41.8 = 3.3 48.5 = 4.1

125 44.8 = 5.1 36.6 = 2.9 52.3 = 5.5

135 31.4 = 2.4 53,6 = 4.6

145 38.9 = 3.0 29.2 = 2.3 24.3 = 2.0 45.6 = 4.2

155 33.5 = 2.5 26.1 = 2.1 21.3 = 1.9

165 31.8 = 2.4

= obm N3S-4IS
BEV. ’•* 4-641
use OMM.OC 260 10-P64
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REF M.T. Collins, S. Manqlos, N.R. Roberson, A.M. Sandorfi , H.R. Weller

Phys. Rev. C26, 332 (1982)
EL CM. S YM»

12

METMOO «EF. NO.

82 Co 2 egr

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE Ran gc TYPE RANGE

angle

P,G ABX 21-30 D 5-14 NAI-D 90

We have performed two independent measurements of the n
B(/7,yi})

IJC reaction over the

energy range of £, = 5—14 MeV. The two measurements are in good agreement with each

other and indicate that the previously accepted results are in error. The new values for the

7o cross section reported here resolve several outstanding conflicts. Their implications are

discussed.

[

NUCLEAR REACTIONS "B(p, 7 )

i:C, 5 <£,< 14 MeV; measured £r,

[ absolute cross sections for da/dCL (90*, £
r(j

), dcr/dCl (90*, £r[
).

FIG. 6. The u
B(p. 7 i)

!;C differential cross section at

<7"= 90*. The solid curve is taken directly from Ref. 1.

I

(a) "3<o, yo
)' 2C

201- 9l3B -90*

L
I

h

-BO-

20 25

n
IZC(MtV)

10

•QRM M3S
» £ V .

; 5C OMM.QC 26010-P44

FIG. 7. The ratio of the 90* differential cross section

for
,:
C{ y.po>

l,
3. deduced from the proposed result

shown in Fig. ffa). and the cross section for
:C! y.n 0 )

n C
taken from Ref. 14. The calculations of Ref. 13 are

shown as open circles.

FIG. 5. tai The "Blp./oJ'-C differential cross section
at 6f

>= 90*. The proposed result (solid curve) is obtained
by applying the correction factor shown in lb) to the data
of Ref. 1 (see Ref. 1 1). The total cross section, shown in

<c) as the solid line, was constructed from the proposed
result in la) and the a. and j t angular distribution coeffi-

cients of Ref. 1. The dashed curve in (c) is the total cross

section from Ref. I.
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u.s. oe?art m£'jt ~~
NAT'OSAL 5L'9£ C ” S T C 4 ^ Z 2PHOTONUCLEAR DATA SHEET 454



1
; 1 1 1 1 r

<T(E2) from
' 1

S (
-Q .

y

0 )

’ 2
C

A ~- X STANFORO

• CORRECTED

G 463 U3 12 -4 16

Ep(McV)

FIG. 8. The E 2 cross section obtained from
!,
B( jj,y

,

o)
l2C measurements (Ref. 16) using the present

results to correct the absolute scale.



ser. G.W. Dodson, E.C. Booth, F.L, Milder, B.E. Parad, B.L. Roberts,
D.R. Tieger, J. Comuzzi
Phys. Rev. C26, 2548 (1982)

EL EM. SYM.

c CM

< Z

6

M6THOO REF. NO.

82 Do 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI3 ABY THR*20 C 140-155 CKV-I 1 PI

Photoproduction of ir° mesons off targets of Ti, l2C, ,J
SL,

<0
Ca, natural Cd, and natural

Pb was studied using a bremssiranlung beam with endpoint energies of 140, 145, 150, and

155 MeV. Photoproducnon from a liquid hydrogen target was employed as a normalisa-

tion. The measured yields were found to be in disagreement with published theoretical

cross sections for °Li(y,;r
!>

)

4
Li and also in disagreement with a simple schematic model

which assumed only coherent contributions from the \f]+ multipole. The schematic

model, however, did approximately predict the relative magnitudes of the yield curves for

the energy range 14—20 MeV over threshold.

*MEV ABOVE THR

NUCLEAR REACTIONS 6
Li,

l:
C, ;,

Si. ^Ca, Cd, Pb,

£, = 140— 155 MeV; measured <r, test of reaction modeL

FIG. 6. The experimental and calculated yields for

(y.r 3
' off a range of complex nuclei. The data were

scaled so that the
;:Cty,a- 3

)
IJC experimental yield fit the

mlriiiaT.fi yieid at 9.7 MeV over threshold (see text).

foam M8S-41S
P SV. I 4-64»
USCOMM.OC 290 10.P14
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ref. M.C. Wright, N.R. Roberson, H.R. Weller, D.R. Tilley, Dean Halderson
Phys. Rev. C25, 2823 (1982)

EL £M. SYM.

c 12

REF. NO.

82 Wr 2 eg f

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

P,G ABX 18-20 D 3-5 NAI-0 DST

PROTON E 2. 9-4. 6 MEV

The 60* and 90* yield curves for the
u
B(p,/) l2C reaction have been measured for Er — 2.9

to 9.6 MeV in 100 keV steps for y rays leading to the ground and first and third excited

states. Recent (ir.rr') data suggest the existence of an isospin mixed doublet near 19.5 MeV
in

i:
C. A continuum shell model calculation which successfully describes the (rr, rr') data

predicts an observable effect m the y3 channel. However, no evidence for these states is

found in our y3 data.

NUCLEAR REACTIONS nB(p,y) IJC; measured <riE
p ), Er = 2.9 to

4.6 MeV, 9— 60*. 90*, for 7o. Y\, Yy Compared y3 data to continuum

shell model calculations. No evidence for 19.25 and/or 19.65 MeV
states is found.
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E x
(MeV)
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-2 o.ot-
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i r

o
to“ 1.01-

c

;
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£ 0.5

0.0
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0.25

•« .*

r. (
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*
*

19.25

i

19.65

i

1 1+

V
*

r
3
(3“

30 35 fO 45 30

Ep ( lab) ( M eV)

E^ (Mev)

18.5 19.0 19.5 20.0 20.5

FIG. 2. The cross section at 8i^=60* for "B(p,y)
i:
C.

The error ban represent the statisticai errors associated

with each data point. The arrows on the plot indicate

the previously proposed location of the 4“ states.
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PMOTON CN6BGY (*CV)

Fig. 13. The total photon absorption cross section for C 13 and C 1J
.

F igure 1

1

; The cross sections for C ^(y,xn)
and C ^(y, xn) . The solid curve is the ex-
perimental cross section. The dotted curve

13
(y,=0c

12
andfor tha cross sections G

- ^(T>Pn )B + C^(y,2n)C^ are based on
reasonable assumptions about the neutron mult
plicity. The curve "C^y, n)C 12+c!3(7, pn)B 1:
_1
5(y, 2n)Cll [hypothetical]" is the assumed

-ross section for all processes yielding
neutrons. The assumptions made are discussec
Ln tear:.
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Ref. R.D. Edge
Phys. Rev. 119, 16^3 (i960)

Metfaod
7's from F

1
^(p,<^y) reaction, using 874-kev protons from 3-MeV

VandeGraff; BF^ ctrs. in 4 • geom.

Elem. Sym.

13

Ref. No.

60 Ed 1 JHH

Reaction E or A E ad E J * Notes

Cy,n) >

Q
(6.4- MeV) =

.

9^-* l-10ub, using

MeV) = (21.2±3)X10"
28

cm-

as reference standard.

Weighted average of:

6.13 MeV 65^
6.9 MeV 24f0
7.1 MeV Ufo

form HBS-418

U3COMM-OC l8836-f=«3
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C. P. Sargent,
Proceedings of

Sac lay, France
METHOD

W. Bertozzi, P.T. Demos, W. Turchinetz
the Symposium of Neutron Time-of -FI ight

,
Session III, p.353 (1961)

Methods

,

13

REF. HO.

Linac; neutron spectrum, time-of -fl ight 61 Sa 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANCE TYPE RANGE

G,XN SPC 7-14 C 14 T0F-D 2-9 79

(13.9)

600

400

200

C'
3 <r,n) 79*

l3.9MaV Sramsstranlunq

9.64 metre Flight ?acfi

Vo

3oci<qrouna

2CO 300 400
Flight Time -ns

300

9 5 4 3 2

.Neutron Fnerav - Mev

Figure 1

Energy spectrum of neutrons from the C” (V, n) reaction.

/* ;:wm£=c
OF 3TANOAPOFORM H8S-4I8

(R EV. 7.1 4-441
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r V.P. Denisov, A.V. Kulikov y L. A. Ku.1 ' Chi tskii

Zhur. Eksp. i TeoreC. Fiz. 46, 1438-90 (1964)
Soviet Phys. JETP J£, 1007 (1964)

EL EM. SYM.

13

method

Synchrotron

REF. NO.

64 De 2 NVB

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RINSE TYPE RANGE

G,P ABX 13 - 50 C 13-50 ACT- I 4PI

3i 3

(j, mb

FIG. 1. Differential cross section for the reaction C^fy,?)

B‘
3

. The hollow circles indicate average values of three inde-

pendent series of measurements; the solid circles refer to a

separate series of measurements obtained at intermediate

energy values.

- gy of peaks, MeV: 18.5 20.0 23.5

MeV-mb: 1.1 4.4 22.8

2S.0 29.0 32—50

7.0 8.4 23.0

mb

m?v

FIG. 2. Comparison of our experimental differential cross

section curve for the reaction C ll
(y,p)B

13
(solid curve) with

the curve obtained by Cook(‘] (dashed curve), and with the

curve obtained by Dodge and Barber!3

] (dotted curve) for the

cross section of the C l3
(y,p)B“ reaction.

form N8S-418
( R EV. 7-1 4-441
U3C OWM-OC 29010-P94 PHOTONUCLEAR DATA SHEET 465

U.S. DEPARTMENT OF COMMERCE
NATIONAL 9UAEAUOF JTANOARO!



1

V

«

«

m
a

u
*
H

REF.

L. Green, D. J. Donahue
Phys. Rev. _L2£, 370L-05 (1964)

EL EM. 3 Y M. A

13

METHOD

Reactor; neutron capture gamma rays

REF. NO.

64 Gr 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 6-11 D 6-11 BF3-I 4PI

I
"3

Enriched target, ~ 50% C

Table II. Summary of measured cross sections (millibams).

Energy*

Source (MeV) Ta ;sl Li7
Targets

Li5 Cu B i0

Aluminum 7.72 4.1= 0.-

Copoer 7.91 10.8=1.0

Chlorine 8.36 29 = 6

Nickel 9.00 44 = 6

Nitrogen 10.33 121 =12
Chromium 9.72 84 ±25
Iron 7.64 0.0= 0.

Iron 0.30

Lead 7.3S

Sulphur 5.43

Sodium 6.41

Titanium 6.75

Titanium 6.61 b

Manganese 7. 16°

Zinc 7.S8

0.06 =0.01 1. 13±0. 12 1.7 =0.2
0.07 ±0.01 1.1 =0.2 0.97=0.13

0.17 =0.12
0.16 =0.06 1.6 ±0.3 0.6 =0.1
1.07 =0.25 4 ±2
0.55 ±0.25
0.079=0.014 1.3 ±0.2 0.23±0.05

0.068=0.035 1.2 =0.2
0.42=0.07
0.6 =0.1

0.3 =0.3

1.3 =0.2
0.32±0.04

0.9 =0.1 0.4 =0.1
1.0 =0.2 1.2 =0.2

o.n±o.oi
0.9 =0.2
0.23=0.05

0.09=0.03

* "r.ergies cawen from Rex's. 4 and 5.

> Weighted average of 6.75-, 6.35-. and 6.4 1 -MeV y rays.

•Weighted average of 7.-6-, 7. 15-, and 7.05- MeV y rays.

i

!

i

form NBS-A 18

(R EV. 7-1 4- 44 )
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R. Kosiek, K. Schliipmann. H. W. Siebert und R. Wendling
Z. Physik J72, 9 (1964)

METHOO
Betatron; proton spectrum, yield; Csl scintillator; ion

monitor

13

chamber
REF. NO.

64 Ko 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P SPC 20 - 32 C 32 SCI-D 3-13 90

SEPARATED ISOTOPES

Tabelle 1 . Cberblick liber die Messungen

Bei der Berechnung des integrierten Wirkungsquerschnittes wurde isotrope

Winkelverteilung angenommen.

^min * untere Abschneidegrenze bei der Bestimmung der Protonenausbeute.

Target Isolop

Anreicherungs-
grad des

scltenen Isotops

Druck des
Targetgases
mm Hg

1

dY
1

l an 1 9o*

u 6

MeV'steT

registrierte

integraie

Protonenzahi
|

McV

£o

/ «y dEy

i

MeV mb

Methan C' 3
55,2 700 2,5+15%, 3327 3.5 37+20%

ch 4

Knailgas 90 a) 1560 — 9560 3,5 —
H,tO, o 18

b) 750 4,6± 1 5 °o
j

7376 2,5 33±20%

t

t,2 -

I

I

r
i

23^

Fig. 5. Differentieiler Wirkungsquerscnniu fur Photoprotonenermssion aus C 13
. a) Unter 90* zum

y-Strahl unter vler Annahme, dad nur Grundzustandsubergange vorlicgen, dies* Arbeit i.Hisio-

gramm >. b) Ergebmsse von Cook 4 (Kurve*.

Differentieiler Wirkungsquerscnniu fiir Photoprotonenermssion jus C ,: nacn(I) (Histogramm )

F14. 3. EacriMvefUiiunc 3m Pbotopcotooen aua C13
.

Daa Haiofruui wurde aua dem cur Fig. I

nniaan. der Anted der Protoaeoenueuoa auaO2

ihgarnpi wurde. NAhera ErUuierungaa un Teal
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REF.
W. Bertozzi, P.T. Demos, S. Kowalski, F.R. Paolini, C. P. Sargenc,

and W. Turchinetz

EL EM. SYM.

Nucl. Instr. & Methods 33, 199 (1965) c 13 6

ME7H0P REF. NO.

65 Be 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 6-14 C 8-14 TOF-D DST

Fig. II. Differential cross section for C’ J (y,n)C^J for neutron*

wpulating the ground state of C ,J
. The open circles were derived

'rom runs using bremssirahlung of maximum energy 13.7 MeV,
the solid circles 11.9 MeV and the crosses 7.85 MeV.
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'EL EM. SYM.

13

METHOO REF. NO.

66 Fu 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR- 15 C 5 -15 BF3-I API

13943 FINE STRUCTURE OF THE 15C(y,n) REACTION.
Fukuda. Kyue; Okabe, Shigeru; Sato. Yuji. Annu. Rep. RadtaL
Center Osaka Prefect.. 7: 38-40(1366).

The neutron yield curve for the l3C(y,n) reaction was studied in
detail for the energy region between 4.9 and 15 MeV using an 13
MeV electron linear accelerator. Several breaks (fine structures
of the cross section) appeared as changes In the slope of the yield
curve at energies of 7.1, 10.4. 11.6 and 14.6 MeV distinctly, and
less distinctly at 6.2 and 3.2 MeV. The existence of these oreak*
means tnat many resonances of the uC(y.n) reaction exist below
the giant resonance region, (auth)

NSA 139A3
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EL EM. SYM.

13

METHOD REF. NO.

67 Pe 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 15 D 40-65 D 20-65 DST

r
r
(c

i3
) 25 = 7 eV

Flg.l. Ratio of differential cross sections for the ex-

citation of the 15.11 MeV state in to that of the

15.11 MeV state in '--C versus momentum transferred

to the nucleus in units of fm* 1
.
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elem. sym. a

13

'ETHOO
REF. NO.

63 Ri 2 H>1G

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

type range Type 3 anCE

P .P'G LET 3 D 5 c

(3.09) (4.5)

(3.68)

D,PG also used
nciPPLER SHIFT HETHO

D

Tadlf. T. Measurements on the lifetime of the 3.09-McV state in “C. Slowing down times of cr—330 fscc for "C ions in goid and 295

sec for “C ions in nickel were used to compute the lifetime limits. The attenuation factor Fm is the ratio of the stopped shift to the

/acuum shift.

Reaction
Ek

(McV)
Stopping
medium

Target
thickness

G*g/cm*) l-\ (fscc)

No. of

measure-
ments

4.10 Au 25 1.004—0.050 <33 2

4.125 Ni 25 0.982=0.024 <38 3

4.55 Ni 25 0.973=0.020 <35 5

»C [d,?)"QF 1.79 A a 15 0.944 *0.015 <29 1

2.715 Au 18 0.988=0.011 <22 3
3.00 Au 25 0.951=0.025 <40 3
2.715 Au 15 1.007=0.015 <13 l

Taulz n. Measurements on the lifetime of the 3.63-McV level in “C. Slowing-down times of a = 330 fscc

for “C ions in gold ana 295 fscc for “C ions in nickel were used to compute the lifetime limits.

Target No. of

li. Stopping thicxncss r measure-
Reaction (McV) medium Lg/cm 1

) Fm (fscc) meats

“Cf^'V'C* 4.55 Ni 25 0.976*0.013 <35 T

"Cld.pyC9
1.79 Au 15 0.987=0.027 <25 2

o r«a N 3S-4 13

-lev. 7.1 ..4.1
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EL EM. SYM. A

13

METHOD REF. NO.

69 Ca 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

e,e/ SPC 0-20 D 140 MAG-D LCG-L40 DST

ELECTION SCATTERING FROM IARSON- 1.3

H. S. lacian, ?. < luota, Z. L. Tcmusiax and C. 3. /ang , CasKatcnewan Accelerator Laboratory,

Sasxatoon, Canada.

In the simplest J-J coupling sneii model, “.he ground state of Carbon-13 has one nucleon

out3ide a closed snell. We have used this nucleus to initiate a program of electron scattering

experiments to study the effects of an extra nucleon outside a closed snell.

Crannell et al (!Jucl. Phys . A103 ( 19b7 ) o7T ) measured the elastic scattering nf electrons

from Carbon-L3 and concluded that the rms radius of the charge distribution was smaller than

that of Carcon-L2. Jsing the harmonic cscillator snell model they obtained the ratio

0.96 t 0.01 for the nns radii. Petersen Phys . Lett. 2 C 3 ^1967) 5^9 ) measured "he ratio of

the strengths of the transitions to the 13-1 MeV levels in Carbon-12 and Carton- l 3 . At the

time of this writing the above two experiments were the only published (e,e') experiments per-

formed on Caroon-13.

We .nave measured the elastic and inelastic scattering (up to 20 MeV excitation) in the

range of momentum transfer 0.6 < q,
« -.2 fm using a enriched Caroon-13 target. The

i3Ctopic aoundance was checked by measuring the pea< it -‘.‘*3 MeV due to tne Carbon- 'J2. in the

Carbon-13 target. Our e Last is scattering results confirm Crannell's conclusion that the charge

radius of C arbor.- L : is :mai,*sr than mat of Carbon- ii . Tie inelastic spectra snow strong

excitation of tne negative parity states and virtually .10 excitation of the positive parity

states. We observed me sues at 3 oG '.3/2 ,1J2) t 7.55 (5/2 ,1/2), 3.36 (1/2 ,1/2), 11.”

(

(

3/
?"

}
,1,' 2 ) , 1 3 •

”6 '7,1/2 /, 15.. ' 1/2", 2/ 2) and 19-12 (7,3/2) MeV (AJ ter.berg-Sexove ~ - .3 ,

lemon Aid Preorir.t May 196?). w«* have retained the form factors for these .evels and -sing

the ancuiar dependence of tne form factors we nave deduced some of the ior.gi tuamai ana trans-

verse matrix elements.

We have adopted the point of view that if a model of Carbon-13 (nr any other nucleus for

that natter) is capable of predicting the correct level spacings and strengths for

>- transit 10ns men tr.e electron scattering form factors are logically the next test :r. tne

model. At the time of this writing we are calculating the form factors predicted oy the

various o-shell intermediate coupling wave functions that have been puoli3ned in the xast few

•/ears. Presumably this will snow us wnicr. moaei is the best and alsc indicate the need for

higher configurations as ( spec uiat ion ) tne experimental form factor deviates from the theo-

retical one at -signer momentum transfers.
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EL EM. 5 YM. A

13

METHOO REF. NO.

69 Ra 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 3 C 3 NAI-D DST

(3.68) (3.79) (96.128)

f = 0.44 ± .04 eV . The width of the Level was determined by comparing the scattering
with that by the

21
P 3*5

1

and
3
Li 3. 56 MeV levels.

RZMARXS

3 - 3.63 MEV

I'!0. 5. Plot oi me aneuiar distribution coefficient . I -/ .1 0 for
ihe spin sequence $-!-«. 1 lie .!< term is identically zero for this
sequence. The experimental limits for the C' 3 ami I’” distribution*
are indicated.
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ELEM. SYM. A

13

metmoo REF. NO.

69 To 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 3 D 34-65 MAG-D 30-65 DST

(3.03) ;
105- 165)

Angular distribution at const, q = .35?. 45, *56 fm

as

q
2

[fa,'
2

;

Fig. 1. Longituainai and transverse reduced transition

probabilities 3(C \.<J) and 3 (El
. q ) for excitation of the

3.08 MeV level in 13C as a function of momentum
transfer.

Solid lines: present theory: the parameter fi. is the

magnetic moment of the odd neutron as used in the cal-

culations. In the upper part of the figure, the photon

point q = * is not shown for reasons of scale: the cal-

culations give 3(E1. k) - B (Cl, ®i = 2-1 * 10-2 fm2

Open circles :
present (e. e'l-experiments;

full circle • : from measured lifetime [9].
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REF. EL EM. SYM. A z

G. Wittwer, H. G. Clerc and G.

Phys . Letters 30B , 634 (1969)

METHOD

A. Beer
13

REF. NO.

69 Wi 2 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

E.E/ LFT 3-i5 D 36-65 MAG-D 15-65 DST

LEVELS

Counta_

I
I* ’A :2 0 3 i 4 2

Excitation Enwgy [m«v|

Fig. 1. Spectrum of 57 MeV electrons scattered melas-
tically at 155° from a carbon target (91.7% ^C). The
peak at about 5.5 MeV excitation energy is due to eiec-
tons scattered elastically from the hydrogen contam-

ination in the target.

Table 1.

Experimental results

£* (MeV) I '
T X\ f?tr(fm) r? lev) r-?/rw 5 (E2/M1)

;

• 3.59 = 0.02 3/2" C2 3.50 = 0.37 13.51 =0.39)^10*3 a > 3.52 0.100 = 0.003 b)

Ml '2. To - 0.13 0.353 = 0.045 cl 0.339

5.35 = 0.06 5/2’’ M2 (3.27) (5.9 = 3. 5)
v 10*5 0.055

7.54 = 0.02 5/2" C2 3.01 = 0.25 0.1150 = 0.0062 d)
3.15

5.56 = 0.02 1/2" Ml 2.50 = 0.19 3.05 = 0.45 0.230
C 0 (4 .50) 2.09 = 0.33 *>

3.90 = 0.02 3/2" C2 (3.46) .’6.3 = 2.1) '10*3 0.0*5 0.44 - 0.08
Ml 2.33 = 0.25 0 .324 jp. 0.050 0.0159

11.07 = 0.02 i/2* Ml 3.03 = 0.22 1.02 = 0.20 0.0359
CO 5.27 = 0.i3 2.52 =0.26

or 3/2* C2 n. 01 =0.27 0.256 = 0.026 1 .03

15.11 =0.02 3/2* C2 (3.46) 0.59 = 0.11 0.50 0.151 =0.017
Ml 2.55 = 0.20 22.7 =2.6 el 0.313

*) Monopoie matrix element m fm-.
The electric quadrupoie classification is an alternative to the Ml/CO classification: in this case, the electric
quadrupoie transition accounts for at least 2/3 of the observed transverse cross section: therefore an Ml
width -s not given.

a! 3.27 x 10*3 e v according to ref.5. ci 0.42 a 0.04 eV according to ref. 15.

a) 0.096 * according to ref. 13. d) °- 110 eV according to ref. 5.

e) 25 i 7 eV accoraing to ref .a.

For the energy levels indicated in the first column, the third column gives the character .:nd multipolarity of the
ground state transitions; C.\ denotes a longitudinal electric, M\ a magnetic transition of multipolarity X, and CO
a monopole transition. Column 4 lists the transition radii as defined, e.g. in ref .2. Transition radii /t... in paren-
thesis were used .n the analysis, but not determined oy this experiment. The iast two columns give the transition
strengths in Wcissxopf units as defined in ref.14 ana the 122/7.11 mixing ratios. Experimental data from tnc liter-

ature are given for comparison.
4~5
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Nucl. Phys. A156 . 10 (1970)
EL EM. SYM. A

13

method REF. NO.

70 Fu 2 egi

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

JLiiL ABX 6-14 5-14
I

3F3-I 90

Fig. 4. Neutron yield curves from I3C target measured with and without the X-ray target as a func-

tion of the maximum energy of bremsstrahlung spectrum. Plots on the yield curve from 7.5 to 12.5

McV are measured without the X-ray target. A dotted line from 10 to 13 MeV shows the neutron

5 6 7 3 9 i0 11 12 13 14

PHOTON ENEPGY ( Ate V)

Fig. 5. Photoneutron cross sections for
13 C. The solid line is the cross-section curve determined ir

the present experiment. In addition to the present data, the results of Cook '), Edge -) and Greer

and Donahue 3
) are shown for comparison.

Table I

Observed peaks, integrated cross sections and angular distribution functions

Energy (MeV) ;<r(Ai) dk (MeV mb) IV(6)

6.2 0.02 1 —(1.7 = 1.7) sin1 9
3) L

7.5

8.2

0.3 1

0.6 j

1 —(1.5 =0.4) sin1 9 Phys

9.1 1.2 1 -(0.00=0.30) sin 1 9

3 14*) 1 -(0.46=0.20) sin1 9

1) 3.C. Cook, Phys. Rev. ICS.
(1957) 500.
2) R.D. Edge, Phys. Rev. 119 .

(i960) 1643.
reen and D.J. Donahue,
av. S7C1 ( 1964, .

•) Integrated cross section from 10 to 14 MeV. 476
j.5. DEP APTMEN T OF CCMME PCI

national. 9U»£*"CP 5TanCAHC c
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ELEM. SYM.

13

METHOD REF. NO.

70 Fu 3 egf

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 6-14 C 5-14 BF3-I DST

COUNTS* PAfATf IN

Fig. Schematic diagram of the counter

assembly and the target chamber.
13C and natural carbon targets are

set in the target chamber on a target

changing device. They move up and
down in a vertical line on the plane

of the diagram. The electron beam
is brought to the center of the

target by viewing the beam spot on
a line sulfide screen with an ITV.

Fig. 7 Photoneutron cross sections for
13
C.

The solid line is the cross-section

curve determined in the present

experiment. In addition to the pre-

sent data, the results of Cook 1 *

Edge 10
* and Green and Donahue 17*

are shown for comparison.

2

ui l

>—

z
= C
>- 2
as

<
as

=a
as

>
I

Z
o

15
UJ

z
1

0

Fig. 6 Angular distributions of photoneu-

trons for the incident bremsstrahl-

ung with different values of the

maximum energy. On the left are

photoneutron yields versus angles in

the lab system at energies of 6.3,

S.7, 10.1 and 12.1MeV. Broken

lines are least-squares fits of the

experimental data to a curve of (>.

form a + b sin' 8 . Also shown in the

right of the figure are the photo-

neutron yield curve of
13C and its

extrapolation corresponding to each

peak. .Arrows show the energies at

which angular distributions are

measured.

^3. C. Cook et al. , Phys. Rev.

106 . 300.(1957).

^R. D. Edge, Phys. Rev. 119 .

1643 (1960).

^L. Green at al. , Phys. Rev.

135 . B701 (1964).

FOAM N3S-413
(R EV. I 4-«4>
USCOMM-OC 2fl010-P«4

Table I

Observed peaks, integrated cross sections and angular distribution functions

J
er< k) dk (MeV. mb) W(0 )

6.2 0.02
1 -r ( 1.7-1. 7) sm’0

7.5 0.3n

6.2 0.6 /
1
+ ( 1 . 5 -1 0 . 4 ) s i n

J
5

9. I 1.2 1+ (0-0 ±0.3) s.n ’0

1 3
1

4*'
1+ (0-46 ±0.20/ s.n

J
5

i) Integrated cross section from I 0 to 14 MeV 477
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ELEM. SYM.

13

I

RES’. NO.

70 Wi 1 egf

REACTION RESULT

LFT

excitation
EN ERGY

3-15

SOURCE

^6-65

oetector

MAG-D

ANGLE

DST

Tabcllc 2. Longitudinale und transuersale Antcile (T^ und Tr) des Wlrkungsquerschnitts

aui tVinkelverteilungen bci kcmstantcr hitpulsiibcrtragung q. Die Fchicr sind ia Proitni

angcgcbcn und stchcn in Klnnuncrn

Ex [MeV] rt [io-*] rT {io-*i

3,03 0,119 14,4 (10) 0,55 (22)

0,193 23.3 (12) 0,85 (13)

0,308 36,9 (11) 1,24 (14)

3,69 0,117 45,5 (16) 17,7 (6)

0,305 2^5 (9) 23,6 (7)

7,54 0,106 54,5 (5) 1,67 (20)

0,131 145,7 (4) 2,7 (42)

0,273 293,7 (3) 7,05 (17)

7,83 0,105 2,99 (13) 0,464(12)

0,180 2,73 (23) 0,584(16)

0,271 1,98 (20)

S,S6 0,102 4,59 (35) 5,92 (6)

0,176 19,6 (14) 8,17 (5)

0,267 33,8 (5) 9,51 (5)

9,90 0,099 0,63 (85) 0,778 (15)

0,173 0,40 (S3) 0,980 (10)

0,262 2,62 (21) 1,09 (10)

10,36 0,097 1,97 (3) 0,081 (25)

0,170 4,0 (42) <0,5

0,257 24 (170) 0,77 (100)

11,07 0,096 8,34 (7) 0,776(12)

0,169 23,6 (5) 1,05 (25)

0,256 43,3 (3) 1,04 (18>

15,11 0,085 3.08 (17) 1,429 (3)

0,154 8,80 (13) 2,180 (2)

0,238 25,4 (12) 2,440 (4)

+
T

9 LEVELS

Fig. 3. WInkeiabiungigkeit der Wirkungsquerschnme ia Bomscher Nahening (fc— 1

<*£ in 3. N.). An die Meflpunkte konstaater Impuisubertragung q wurden Gende.
gcma fl Gl. (2) angepaBt; q

1
ist an dea jeweiligea Geraden angegeoea

[OVER.] 478
f o rm N BS-a 1

3

ir ev .
7.1 *.«*>
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Fig. 4. Quadratwurzeln der reduzienen Gbergangswahrscheinlichkejten 3(1, q) ia
Bomscher Naherung (fe ^\, a£ in 3. N.) ais runktion von q*. Oic eingezcjchneten
Kurven wurden gcmifl Gl. (4) an die Meflpunkte angepaflt. Die in Taoelie 3 ange-
geoecen Ergcbnisso wurden nicht aus dicscn Anpassungen gewonnen. sondem erst
in cincm zweiten Schritt untcr Benuczung von Korrekturfaktoren (s. Abschnitt 4.1).
Fir £'

I =>'7,34 MeV wurden longjtudinaler und transversaJer Anted zusaramen auf-
getragen, um die Abweichungen von der Abachatzung Gl. (6) darsieilen zu konnea

Tabcllc 3. Ergcbnissc. Der Charnkter and die Mullipo/aritdt fur die Crundzustands*

iibergdr.gc der in Spaltc l aufgcfiihrten Nivcaus sind in Spoils 3 angegeoen; CX bedeutet

cincn longitudinaien clcktrischen, MX. cincn magnetisehen Goergang der Mullipolaritdt X,

CO cincn eleklrisehen Monopot- Gbergang. Spalled cmhall die Gbcrgangsradien;

Gbcrgangsradien in Khimmcnt wurden in der Answerlung benutzt, aber mciil dutch die

Messungen hesummt. Die folgcndrn drei Spailen gehen die reduzierten Gbcrgungs-

wahrschciniichkcitcn am Photoncnpunkt (q= k), die Slraidungsbretlen sowic die Gber-

gangsstdrkcn in Weiflkopfcinhcitcn ( Definition nach Wilkinson**), in der letzten Spoils

Dt der Fehler c in Prozcni angegeben; er gdt sowohl fur f^iTw and 3(1, f[)
alt ouch

fur ny ,
wenn man den Felder der Anregungsenergieu unberucJuichtigt lafil

£,[McV] r xx 3(k, r?[eV] ryrw c{%]

3,03 ± 0.03 111" Cl (2,34) 0,0221 0,68 0,62 34

3,69-0,02 3/2" C2 3,50-0.37 13,1 3,61 x 10
-3

3,52 11

M\ 2,764-0,16 13,6 x 10- J 0,358 0,339 13

6,S5 — 0,06 511* Ml (3,27)“ 0,0171 6,9 x 10" J 0,055 52

7,54+ 0,02 5/2“ M 3 (3,27) 58 1,01 x 10
-1

35 60

Cl 3.01-0,25 17,53 0,115 3,15 6

8,S6= 0-,02 1/2" Mi :jo z o,i9 4,61 X 10
-1

3,36 0,230 14

CO (4.60) 2,09* 9

9,90 + 0,03 3/2" C2 (3.46) 0,165 6,3 X 10"* 0,045 33

Ml 2,33 — 0,25 0,643 X 10
-1

0,324 0,0159 15

11.07 ±0,02 1/2" Ml 3,03 + 0,22 0,721 x 10-J 1.02 0,0359 19

CO 5,27 + 0,43 2,62* 5

Oder 3/2" Cl 4,01 + 0,27 3,32 0056 1.03 11

Ml (2,64) 0,242 x 10
-3

0.172 0,0060 33

11,SO 3/2" Ml (2.64) 4,0 X 10"1 3,45 0,100 25

15.11 ±0,02 3/2" C2 (3,46) 1,36 0,59 0,50 13

Ml 2,55 ±0,20 12,6 X 10-J 22,7 0,313 12

Monopolmatrixelenaent (ME) in fm1
. 479
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O' Brien,

EL EM. SYM. A

c

REF. NO.

13 6

71 Be 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN OE TYPE RANGE

E,E/ FMF 8-44 D 77-106 MAG-D DST

Figures also given for: 77 MeV, 7 5° ^ b3
55.4 MeV, 145.7°

81 MeV, 145.7°

TABLE I, Resonances observed in ih:s experiment

above 15-Mo V excitation in C.

a
L_

<
3
O
09

cn

5
'

cj
<

22
o

Ll.

o

O

<
cc

uIr

i

i

'+
i

i

I

i

i

uDh
I

I

I

s
i

l 3
C/

l2
C

o -10-29 M«V 75*

• -10-29 M*V ,*5.7*

3 -17-29 M«V 75*

-17-29 M4 V 145.7*

q
2 (fm*

2
)

FIG. II. The ratio of the 13C to i:C form factors

(squared) in the 10-29-McV region (circles) and the 17-

2g- MeV region boxes). The form factors were obtained

by integrating the differential form factors over the indi-

cated energy regions. The errors reflect counting statis-

tics and the clastic peak tail uncertainty (see text). The

tail uncertainty tends to cancel in the formation of the

i-:
x

Width

(Mc\0 (kuV)

io.2 .100

(lvi.3)

17.7 200

IS 3 •100

18.7 1200 17.0 t£t s 21.7

103 700

20 .1 700

20.5 •i00

21.2 400

oo o 1100

24 .7 000 21.7 - £t — 25.7

25.5 500

27.3 SCO

2S.1 500 5, > 26.7 MeV
:29.4) 1200

TABLii III. Cemean sen of the excitation c s of

resonances ->cen :n ihis experiment w.ia tr.e _r.c....e:-:

caivuinici! >y .las lea 'fief. _-i.

Present expcr.mcm ha.-Lea

(MeV) MeV)

O • -
24.3, 24.5, 2i.t ur.resolvec ?,

25.5 25.7

20 .5 20.2

21.3 20.3

Is 1.4.0

ratios

.

(over)
u.s. department op commerce
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,5 20 25 30 25 *0

EXCITATION ENERGY (MeV)

FIG. 3. Similar to Fig. 2, but incident energy is 105 MeV.
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EL EM. SYM. A

c 13

MFTHCO RE C
. NO.

! 71 Mu 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANCLE

TYPE range TYPE RANGE

G.NG ABY 9-28 C 21,28 SCD-D 2-16 90

endaomt

'Be—*2a

7.370 M«V

X

17.533

F1^. 1. - Encnry IotcI dJa^Tam shotvins levels and transition* pertinent to this experiment.

Table I. - Gamma-ray strengths from l 3C(y, ny').

Bremaatrahlang ondpoint Strength (*)

(MeV) (Me VI

21

4.444 (HU - 3.2) Hr-:®

15.11 Not (tl'fll

28

4.444 (.30.6 — it. 7) • 10-=°

15.11 Clearly *oi?n

(*) Strength la given la amU
20.6 cm o< graphite.

at erentl per target nuoletu roentgen ot bremsetrahlun* hardened by

(•) H. U8B*all: private oommtmlcation<

U.5. 3E=, ASTMENT OP COMM£ :

NATION*, 9dR£*U OP STiNOAir o °m N 3S-4 18

'REV. , *l *-«<•

U5COMM.OC 2fl010.P04 PHOTONUCLEAR DAT * SHEET 482



count)

per

channel

f

T\tt. 2. - Parts of the puise-heikht rpcctnun taken with 28 MeV bremaatrahlun®. The sharp line at

2.315 MeV is due to neutrons scattennff lnelasctcaUy In the lead shield.

reactions. Since the 15.11 .MeV level couid be fed by the lower T resonance, its observa-

tion does not necessarily constitute a signature of the T upper resonance. However,

the isospin coupling coefficients give a factor of 4 for the population of this level by

the T upper to that due to T lower. It is reasonable therefore to conjecture that the

15.11 MeV level is fed to a large extent by neutrons emitted from the T = J component

of the giant resonance in IJC.
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MPTHCO
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13

RE e
. NO.

71 Sh 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE GET ECT 0 R

angle
TYPE RANGE TYPE R AnGE

E,P SPC 13-31 D 43 MAG-D 3-13 DST

\

counts/mC

counts/mC
u(*.* j) J

Fig. I. Proton energy spectra from the reactions 1 J C(e, e p)
1

1

3 and ,J Cfe. ep) ,! B with 4)

electrons.

McV

i
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C*/Co

Ci/Co

Ci/Co

Co

(mb)

n
£

irfV' 'yi

'i

V"".
'ii'

11
i

„

ll

-£j zi 2* 3 33 3

It

ct(,«e) 3

til llMrn
7N

j i i
1

*-
it

JO 22 24 2S 2S M

Ex(MeV)

Fig. 2. Differential cross sections of the
1 JC()\ p)"B and ,3C(y. p)“0 reactions at 90* wi‘h £ = -*3

MoV. The solid line is from (he results of Allas t< ul.

Ex(MeV)

Fig. 4. Energy dependence of coefficients in the angular distribution of the reaction 1JC(e, e'p) l3 3.
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i EL EM. SVM.

13

RE p
. NO.

[Page 1 of 3] I 71 Ya 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TY°E RANGE

E,E/ FMF 3-20 D 4>L25 MAG-D DST

Table ~2

Total inelastic form factors of the runs performed

10 LEVELS

Ei

(MeV)

a

(•)

Fz
{q, Q

)

*) x 103

Excitation energy (MeV)

3.69 7.55 3.S6 9.50 11.72 11.97 12.32 13.76 15.11 19.15

125.1 155 5.7 12.7 *) *) 3.8
l

)
c
)

d
) 4.9 d

)

=0.4 = 1.2 =0.3 =0.5
95.2 155 5.5 9.2 1.5

d
) 1.5’) *) 5.3 3.8 1.6

=0.3 =0.4 =0.2 ±0.2 =0.4 =0.3 ±0.3
104.7 125 4.3 7.4 0.73 0.22 0.89 0.44 0.39 0.55 f

) 0.91 0.4g
=0.3 =0.4 =0.06 =0.04 =0.09 =0.07 =0.06 =0.08 =0.09

70.0 125 2.77 3.0 0.5 “) d
)

d
)

d
) 0.78 *) 0.15 *)

=0.17 =0.4 =0.6 = 0.12 =0.09

63.5 155 4.2 4.2 3.0 1.12 “) 1.05 ’) *) “) 3.4 •)

=0.3 =0.3 =0.2 -0.11 = 0.11 =0.2
97.1 110 4.7 5.3

s
)

*) s
)

*) “) s
) 1.92 *)

=0.4 =0.3 =0.17
85.0 140 6.6 6.4 ”) *) *) b

)
*) *) 2.4 *)

=0.7 =0.6 =0.4

’) The Tsai l0
) correction and the Mcistcr and Grilfy IJ

) correction have been applied to the clastic and in*

elastic peaks respectively.

Not investigated in this run.
c

) Very weakly excited in this run. 4
) Peak not well defined in this run.

*) Not seen in this run. ') Peak appeared at I 3.9 McV. M Peak appeared at 13.5 MeV.
*) The sum of 9.50 MeV and 9.89 McV peaks. ') The sum of 11.72 McV and 1

1 .97 McV peaks.

" We use the notation and definitions of DcForcst and Walccka l3
).

Table 3

Comparisons of experimental observations and theoretical predictions for the 3.69, 7.55 and 15.11

MeV levels

Energy level Theory *)

(MeV) CK GHN B

3.69 r.VeV) 0.44 =0.04 ») 0.62 0.67 0.52

ZtE2.'Ml) —0.096 *) -0.047 -0.053 -0.052

7.55 r
7
°(eV) 0.119 3

) 0.065 0.061 0.023

iy(E2.M3)x 10- 41
1.1 =0.7*) 0.20 0.38 0.4J

15.11 r
7
°(eV) 23.3 =2.7*) 26-29 f

) 22.4

^('E2/M1)I 0.161=0.017*) 0.147

*) B. CK and GHN stand for our calculated predictions using wave functions of refs.
1 * 3

).

No charge renormalization has been used in our calculations.

“) Ref. IS
), r.° = 0.36 — 0.05 eV according to ref.

7
).

c
) Ref. ^(EZ.'Ml)! = 0.10—0.09 according to ref.

T
).

*) Ref. “), f
7
° = 0.115— 0.006 eV according to ref. ').

*) Ref.
7
).

r

) Ref. 5
).
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7.55 MeVtf’-j)

Fig. 5. Comparisons of the form factor squared between theory and experiment for the 7.55 MeV
level in

l3 C. See caption of lig. 4 for curves, (a) Longitudinal component t M all three curses are

indistinguishable in this case; lb) Transverse component tthe sum of TV and 7y*‘).

Fig. 4. Comparison of the form factor squared between theory and experiment for the 2.69 McV level

in
:3 C. The solid, dash and dot-dash curves correspond to our computed prediction curses using

wave functions of 3oyarkina l

), Cohen and Kurath J
) and Goldhammer, Hill and Nachamldn 3

).

(a) Longitudinal component (A/;
Co',

‘); (b) Transverse component (the sum of T l

3”’ and TV 1
)-
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c 13 6

MFTHOO REF. NO.

Page 3 of 3 ] j

71 Ya 1 egr

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TY»S RANGE TYPE RANGE

.

.

Fig. 6. Comparisons of the form factor squared between theory and experiment for the 15.11 MeV

level in l3C The wave functions of Boyarkina ') were used, (a) Longitudinal component

(b) Transverse component (the sura of TV and Tiw ).
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REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 19- 22 D 1-4 NAI-D DST

20
-C Excitation Energy (MeV)

21 22
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f
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Fig. 4. The measured excitation curve for the “B(d,-/o) l3C reaction at 90’. The error bars represent

the statistical errors associated with the data points.

Fig. 5. The measured 1

1

Bid,

y

0 )

1JC angular distributions at £u — 2.03 and 3.61 MeV.

bars represent the statistical errors .issociated with the data points.
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13
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METHOD REF. NO.

75 Ar 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

N.G NOX 18 D 14 NAI-D DST

(13.9)

90*. and 125* in bombardments with 14-MeV neutrons. The yields from '°B t
^Si, and

tures. This suggests that the forward peaking In (p , y) reactions is due mainly to direct

rather than collective capture amplitudes. Photons from 12C(n, 7o)

i:5C peak backward, but

this peaking cannot be straightforwardly accounted for in terms of the interference be-

tween the collective excitations dominant in this energy region.

a

TABLE I. Angular distribution coefficients.

Reaction

£>

(MeV) Rr, =0.57a t
— 0.39a

j

19B(*,rl>)

ll B 25 — 0.44* 0.23 0.05± 0.08 10Bfp,70 )
uC~O.3 4

l2
C(rt,7o)

13C 18 -0.08*0.13 — 0.15± 0.06 l2Cfp, 7o)
13N~' 0.3*5

JSSi(n,7
t
)“Sl 24 0.2 ±0.24 0.02± 0.1

w
Ca(/», 7®)

4,Ca 22 0.03± 0.20 -0.06*0.08 ”X(p,7o)
wCa~0.2c

*Ref. 13.
b Ref. 14.

c
Ref. 15.

13
H.M. Kuan, Nucl. Phys. A151, 129 (1970).

14
M. Hasinoff, private communication.

15
E.M. Diener et al. , Phys. Rev. C7_, 695
(1973); E. M. Diener et al., Phys. Rev. C7,
705 (1973).

TIG. 3, Angular distributions obtained for 14-MeV

neutron capture leading to the designated final states.

The horizontal bars show the angular widths subtended

by the capture targets.
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and E. G. Muirhead
J. Phys. (London) Gl, 874 (1975)

Reid, ELEM. SYM.

C

I
REF. NO.

13 6

75 Pa 2 egf

EXCITATION SOURCE DETECTOR
ANGLEreaction result ENERGY TYPE RANGE TY PE RANGE

G,NG ABX 10- 36 C 15- 44 SCD-D 112

G,PG ABX 19- 37 c 15- 44 SCD-D 112

G,2N ELY 24- 40 c 35, 40 ACT-

1

4PI

,

13
C(G,2N) vield: E =

o
35 MeV

40 MeV

1.9+.5% of
12

C(G,N)

1.7+.5% of
12

C(G,N)

Table 1. Integrated cross sections.

Reaction

Energy of state

to which particle Ema
emitted (MeV) (MeV)

r^mm*
ad£

J o

(MeV mb)
Total

(MeV mb) Source of data Reference

•/, n ground state 33 35 Deduced from Fisher el al (1963)

‘C(p,-/0)
data

4-44 38 8 Measured Present experiment

15-1 38 30 Measured Present experiment

16-1 33 48

121

Deduced Present experiment

38 117 Measured Cook (1957)

29 62 Measured McKenzie (1974)

7 , p ground state 33 25 Deduced Present experiment

0-95 38 30 Measured Present experime -
:

55

38 73 Measured Cook 0957)

3S 60 Measured Denisov et ai (7 9z~ •

Kissener et al . , Mucl. Phys. A219 , 601 (1974)

Marangoni et al . , Phys. Lett. 49B , 253 (1974)

Fisher et al. , Nucl. Phys. 45_, 113 (1963)

Cook, Phys. Rev. 106 , 300 (1957)

McKenzie , Thesis, U. of Melbourne, 1974

Denisov et al., Sov. Phys. JETP 19, 1007 (1964)

Figure 10. The solid curves are the cross sections for neutron emission to the ground. 4-44,

15-1 and 16-1 MeV states La
l2C and for proton emission to the ground and 0-95 MeV

states in
lrB as measured or deduced in the present experiment. Tne broken curves

are the corresponding results from the calculations of Kissener et at (1974), multiplied

by 0-7.
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Tabie 2. Percentage population of final states in
12C and 12B.

Final state Present Kissener et al Marangoni et ai

Reaction (energies in MeV) experiment (1974) (1974)

12
C(-/, n) 12C cs 20 2-5 (4-5) 15

4-44 5 8 (15) 14
10-3 — 4(7) —
12-7 — -(-) 4
15-1 17 8 (15) 15

16-1 27 13 (24) 26

Total 69 35-5 (65) 74

12 C(y, p)‘ 2B GS 14 3 (15) 9
0-95 17 11 (20) 17

Total 31 19 (35) 26
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METHOO

C

REF. NO.

13 6

76 Ko 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE PANGE TYPE RANGE

G,XN ABX 5- 25 C 5- 25 BF3-I 4PI

Abstract: The photoneutron cross section in
13C was measured using bremsstrahlung from an electron

synchrotron operated in energy sweeping mode. Neutrons were detected by a muiu-3F 3
-counter

detection system. Decorrelated cross-section ordinates were calculated directly using a modified

Leiss-Penfold analysis. The cross section from threshold to 25 MeV shows detailed structure, .some

nine maxima, in agreement with recent continuum shell-model calculations.

Fig. 2. Photoneutron cross section of ,1
C. present experiment.
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REF HO.
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77 Wo 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANS! TYPE RANGE

G,N0 6-37 C 11-38 T0F-D 98

G,N1 10-36 C 11-38 TOF-D 98

The differential cross sections at 98° for the reactions l3 C(y.n0 )
,2C and ,3C(y.n,) ,2C were

measured over the range of 6.0 to 37.0 NleV and 10.5 to 35.5 MeV. respectively. The cross
sections are compared with previous results on the same nucleus or results from the similar
reaction l2C(p,y0 )

l3 N. In the region of the so-called pygmy resonance (about 13.5 MeV) there are
many sharp resonances which correspond very well with the level structure of ,3C as deduced
from several other studies using various reactions. For the full energy region studied, further
evidence for the isospin splitting of the l3C photoneutron cross section is obtained. In comparison
ot the cross sections with recent theoretical results, general agreement is obtained. However,
several details of this comparison are in disagreement: the implications of this disagreement are
discussed.

37 9 11 a 13 17 ^ a 3 23 27 29 31 73 35 37

Fig. 3. (a) The 98'" differential cross section for the reaction 13 C(y,n,) l3C and 16) for the -eaction
13

Ct'y,n0 )
12C as a function of excitation energy (full energy range).
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I 3

Fig. 6. (a) The 98
;
differential cross section for the reaction '>C(y,n 1 )

12C and (6> for the reaction
C(y,n 0 )

l C as a function of excitation energy (excitation energies below 20 MeV).
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Table I. Summary of resonant structure below 20 MeV excitation energy

Center of mass

neutron energy

E„ (MeV)

Excitation

enerey

E, (MeV)

Natural

width

T(keV)

Ajzenberg-Se!o\e (1970)

E, (MeV) TikeV) 7’

2.55 7.71 60 7.68 = 12* 72- 10 4
~

2.71 7 38 375

3.61 3.37 175 3.353= 14 161 - 13 4
~

4. 13 9.49 <90* 9 . 499 = 4 <5 tl'J
4.37 9.69 < ioa*

5.57 1

1 . 49* (

11.00 < 150“ 11 .000 = 20 37 ti‘>

6.56 i

2.43m
12.08 150

7.99 /

3.S9*f
(13.62) 500 13.55 = 500

9.34 (15.09) 400 14.95 = 50
5.30* 15. 13 < 135“ 15.1087-1-2.5 5.9- 0.9 4', T = 4

11.04 16.94 <400“ 16.96±50 330

11.97 17.95 < 450“ (17.99)

•Error in keV.
•The natural width is fess than the system resolution. The numbers quoted are the system resolution.
‘First excited state transition.
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EL EM. SYM.

13

METHOO REF. NO.

79 Ju 3 hg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G, IN ABX 5-42 D 7-42
BF3-I 4PI

G,2N ABX 23-42 D 23-42
BF3-I 4PI

The photoneutron cross sections tor
JC have been measured from near threshold to over 40 MeV using

monoenergetic photons from positron in-flight annihilation. Several sharp features below the giant resonance
were distinguished. The resuits both for this "pygmy-resonance " region and for the giant resonance near 14

MeV duTer markedly from previously reported measurements and provide a much better auantitative

comparison with recent theoretical calculations ot" the pnotoneutron reaction in
]
C. Comparison of the

measured total pnotoneutron cross section with recent data on the ground-state photoreaction and with

average photoneutron energies provides evidence for the isospin splitting of the giant resonance for this

nucleus.

NUCLEAR REACTIONS: liC{y,n), £,= 7.8—41.3 MeV; measured 4 ir neutron “]

yield for monoenergetic photons; tr(£T ,ln), a<Ey ,2n), integrated cross sections,
isospin splitting of the giant resonance. j

TABLE IT. Integrated cross sections for !:!

C.
1 TABLE III. Comparisons of integrated pnotoneutron cross sections for U C.

Other

T,
t = f;dE i--. = f

<r£-'.iE <T-,= f'rE~
1 UE Energy interval Present results Kissener et U .

J
i MeV'. l Me V mbi i Me V mbi

Reaction . Me 1 mbi l mbi (mb MeV— 1 '

5-10 2.4

IV, n) 131.3 5.53 0.301 10-14 10.6 10

-ni 4.7 0.14 0.004 5-17 31.3 22

136.1
'

5.72 0.306 17-33 97.7 153

J From thresnold to £. -lax
= 4

1

. 3 MeV.
5-43 126.1

b TRK sum rule is 80S'Z/A =193.3 MeVnb.

Uncertainties in the values shall not

exceed 10".

Systematic uncertainties vary from

7% near or below the giant-resonance

region to about 20% at the highest

energy measured.

15 i

1 Reference !).

b Reference LI.

c Fukuda. Ret. L5.

d 3ergs:rom et ii., Ref.

5 Cook, Ref. 13.

TABLE I'.'. Isospm sum-rule comparisons for ,?
C.

Reference V.,i 4- - u At
|

1 n:l)i

Present i
v ,«i work plus

17, p) work of Cook. Ref. 13

Albert ef uf .. Ref 13

1.3 1 0.3
J

Sopor interaction 1.13

Tabakin interaction 0.36

Marangoni ef uL ., Ref. 11 1.78

14
'

J See -ext.

(over)
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4 a 12 16 20 24 28 32 36 40 44

Photon Energy (MeV)

FIG. 1 . Photoneutron cross sections for ’C. Part t a) shows the total ohoconeutron cross section o’b'.’t) -y.pm
- (7 ,'in i - r/ . 2 /i 1

I . part < b) shows the single photoneutron cross section <TUV ,n) ~iy ,pn) - 17 ,an 1

1

. and part 'cl shows
<T'V .

2

/m. The plotted error bars retlect the statistical uncertainties only.

llM. Marnntpni, P. L. Ottavianl, and A. M. iaruis,

Xucl. Phys. A977
, 230 (19771.

Ref. 9: H.R. Kissener, et. al .

,

Nucl . Phys. A21

9

, 601 (1974) Theory

13: 57 Co 1

27: 71 Be 2

1S K. Fukuda, Nucl. Phys. Al.'ii, 10 (19701.
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Her
- J.G. Woodworth, K.G. McNeill

R.G. Johnson
Nucl . Phys. A327 , 53 (1979)

METHOD

J.W. Jury, P.D. Georgopulos, and EL EM. SYM. z

13

REF. HO.

79 Wo 2 hg

REACTION RESUL

T

EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYBS RANG* TYPE RANGE

(G,N0) ABX 7-24 C 12-25 TOF-D DST

(7.6-24) (12.0-24.6)

Abstract: The angular distribution of photoneutrons for the reaction lJ
C(y, n 0 )

i:C was measured in the

region of excitation energy between 7 6 and 24 MeV The anisotropy coefficients over many of the

sharp resonances seen have been interpreted using a simple single-particle description, and

information on the spin and parity of these excited lJC states has been found to be in agreement
with the known level scheme. New levels at 7.95 MeV and at 12.05 MeV are seen and both are given

the tentative J’ assignment of }*. Comparison is made with results for the similar
i::
C(p. y0

)‘ JN
reaction. The measured angular distribution coefficient, a

z;
a0 . displays general agreement in

magnitude w ith the predictions of a recent calculation but the gross energy -dependent features

are in marked disagreement. The observed a v a0 coefficient between 14 and 18 MeV has the un-

expectedly large average value of + 0.38±0.05.

NUCLEAR REACTIONS lJ
C(y, n0 ), £ = 7.6-24 MeV; measured photoneutron angular

distributions with time of flight; deduced at £., n 0 ).

cn
rr

r-
cv

Excitation Energy. MeV

Fig. 5. Angular distribution coefficients. N.3. The 4/ta0 coefficient has a minimum energy resolution of

75 keV while 120 keV resolution was imposed on the relative Legendre coefficients. The a
3
/a0 data in the

region indicated by the horizontal bar are possibly contaminated by non-ground-state neutrons.

ZU
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R.J. Holt, R.M. Laszewski , H.E. Jackson, J.E. Monahan, J.R. Specht

Phys. Rev. C21_, 1699 (1980)
REF. ELEM. SYM. A

13

METHOO REF. NO.

80 Ho 3 hg

reaction RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N0 LFT 6-10 C 10 TOF-D DST

The angular distribution for the
3
C(7 ,/i„)'

:C reaction was observed in the energy region 6.5 to 9 3 MeV
and at angles of 90" and 135*. The photoneutron measurements were analyzed in terms of a multilevel R •

matrix formalism. The
' 2C(n .n )‘*C reaction channel was explicitly included in this analysis. The effects of

potential capture were directly observed in the photoneutron spectra. The ground-state radiative widths for

resonances in this energy region were deduced from the R -matrix interpretation of the results. The ground-

state transition probabilities for £1 excitations at 7.69 and S. 19 MeV were found to be in good agreement

with the predictions of the weak-coupling model.

TABLE IV. Deduced ground-state radiative widths for

the l3C (y.rrJ i:C reaction.

F
UCLEAR REACTIONS l3

C(7, n0 )
1JC, £„ c = 6.5 - 9.3 MeV, measured <r(8)'

3 w 90*, 135*; deduced T*.

(MeV) DTT.C J* Present work
(eV)

Darmstadt

7 .56 £2 5f
7 0.11 =0.015 0.1150 = 0.0062

7.59 £1 r-
0.6 =0.1

3.19 £1 r-
7.0 =0.9

3.69 Ml i-T 5.4 =0.5 3.36 =0.46

TABLE 13. E-matrix parameters for l3
C(7 ,n

a )
i:C re-

action: E= 4.61 fm, 9w ,-= -0.524.

(r„x)
1/2

(W /2

3TT£ J' -tMeV) (MeV) l/:
(eV)l/:

£2 •f 7 . o34 0.045* 0.346

£1 7.636 0.412 2.068

£1 3.151 1.053 1.664

Ml i- 8.361 0.412 -2.258

£1 r* 11.000
11

1.414 -2.966

£1 t 11.000 "
1.414 -2.230

*This width was chosen to be 0.1 of the energy resolu-

tion spread at this energy.
s These resonances were arbitrarily placed here in

oner to account for the effects of distant levels.

FTG. 1. High-resolution spectra for the 15c (v. t»q)
l2C

reaction at angles of 90* and 135*. The curves represent
die results of an E-matrix analysis of the data.

TABLE V. Comparison of the deduced Internal capture widths with theoretical predictions.

Present r* lev)

(MeV) experiment Barker Jager et jI. Klssener et al. Kurath *

7 .56 £2 0J.1 = 0.015 0.1S

7.69 £1 0.6 ±0.1 0.71 0.60 1.54
3.78*

3.19 £1 7.0 =0.3 5.49 0.53 0.39

3.39 Ml 5.4 =0.5 6.13 13.37-14.73

‘References 9 and 22.

"Only the integrated strength from both £1 excitations is quoted.

'onu M3S-A1S
IB IV. 7-1 4.S4I
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"e*. G. Kajrys, W. Del Bianco, J. Kim. S.

S. Monaro, P. Paradis
Can. J. Phys. 59, 781 (1981 )

METHOD

Landsberger, R. Lecomte, EL EM. STM. A

C

REF. NO.

2

13 6

81 Ka 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYOe RANGE TYPE RANGE

0,G DST 20-29 D 2-12 NAI-D 90

Thu 90° differential cross section of the ‘

' B( d.y 0 )
1

lC reaction has been measured at deuteron
energies Irom 1.95 (o 12.0 MeV in steps varying from 100 to 200keV The y-ravs have been
detected by a 22cm long x 23cm diameter Nal(TI) crvstal spectrometer enclosed in a plastic
scintillator anticoincidence shield. The yield curve shows a resonant structure at the enemies
£.,< = 20.4 ± 0. 1 and 22.0 ± 0.2 .MeV.

La Section efhcace differentielle de la reaction 11
B(d.yo) 1 'C a ete mesuree pour des enemies des

demons allant de 1.95 a 12.0 MeV. Les rayons gamma ont ete detectes oar un crvstal de NaKTD
emoure d'un scintillateur plastique en anticoincidence. La courbe d'excuation montre de la
structure aux energies £,, r = 20.4 ± 0.1 et 22.0 ± 0.2 Mev.

Can. J. Phys.. 59. 731 i 1981)

EXCITATION ENERGY in
13
C I Mev I

20 22 25 23

"an ,a . sE-icT :n

o
2 a 6 8 .0 12

OEUTERON 8EAM ENERGY (Mev)

Fic. 2. The measured 90° differential cross section of the

"B(d.y) l3C reaction between £„ir = 20.3 and 2S.9MeV com-

pared with the results of Weller and Blue (5) (solid line).

roiiu M3S-413
i»* tv. 7-i a-«a>

use 3MU-N as-oc PH070NUCLEAR DATA SHEET 5C0
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rep. J.J. LeRose, K. Min, D. Rowley, B.O. Sapp, P.

P.F. Yergin, A.M. Bernstein, K.I. Blomqvist,

M. Pauli

Phys. Rev. C25, 1702 (1982)

METHOO

s

Stoler, E.J. Winhold,
. Dytman, G. Franklin

EL, EM. SYM.

c 13

REF. NO.

82 Le 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PI- ABX 17*42 C 31*41 MAG-0 90

Differential cross sections for the reaction l3C(y. were meastued at 90* (lab) for

three pion energies: 17, 29, and 42 MeV. The experimental cross sections are anomalously low

compared with distorted wave impulse approximation calculations and contrary to the predicted

enhancement due to pion condensation precursor effect.

*PI0N ENERGY

NUCLEAR REACTIONS 1JC(y, tr“) l3N,j_; 17. 29, and 42 MeV; measured

<t( £», 9 — 90*); compared with DWIA calculations.

FIG. 1. Pion yield as a function of pion energy in

13C(y. ir~)
i 3N. The thresnold energies for exciting the resi-

dual nuclear levels are indicated by anows. The solid line is

the least-squares fitted yield curve, using flat background

plus calculated photon spectrum (see text), from which the

cross section of Fig. 2 is obtained.

FIG. 2. Comparison of experimental cross sections with

theoretical calculations. (•> experiment. (O) Helm model.

(A) Maleki. and ( + ) Singham. Tabakin. and Dytman. See

texL

P O PM N3S-41S
f» ev .

-• t 4* 64)
UlCOIM'CC ia010-P44

n.S. t C .iM r..-C .
nation*). ;; sT,.PHOTONUCLEAR DATA SHEET 501



sef. J. LeRose, K. Min, D. Rowley, B.O. Sapp, P. Stoler, P.-K. Teng,
E.J. Winhold, P.F. Yergin, A.M. Bernstein, K.I. Blomqvist,
H.S. Caplan, S.A. Oytman , G. Franklin, M. Pauli, K. Shoda, M. Yamaza
Phys. Rev. C26, 2554 (1982)

EL EM. SYM.

i C 13

REF. NO.

82 Le 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OET ECTOR
ANCLE-

TYPE RANG* TYPE RANGE

G, PI+ ABX 18*42 C 195-250 MAG-0 90

Differential cross section measurements were made for
l3C(y,T +

)

l3
B(gj.) at 90" (lab) for

pion energies of 18, 29, and 42 MeV, and for ^Cly.x +
)
l33 (£, = 3.5 MeV) at 42 MeV.

The ground-state results are compared to several distorted-wave impulse approximation

calculations and to Heim model calculations. There are significant discrepancies between

experiment and theory and among the theoretical results.

NUCLEAR REACTIONS n
C(y,ir +

)

13B (£,=0, 3.5 MeV}, 0, = 9O*

(lab), £,.= 18, 29, 42 MeV, measured da/dCi, compared with DWTA
calculations.

*PI0N ENERGY, TO G.S.

TABLE II. Experimental results for
13
C( y,:r + ). Er-

rors quoted are statistical only (see text).

Tr (MeV) (fm -1
)

dcr/dfl

£,= 0

(90* lab)

£, = 3.5 MeV

18 0.94 178^9 nb/sr

29 1.03 230+4
42 1.15 325+10 166x18

SCO r

I

5CC h
° 01 (so)

Electron Energy ( Mev)

FIG. 3. Experimental isocammai ^relative number of

pions per MeV versus electron energy) obtained at 42

MeV pion energy. The solid curve is the fit to the data

as described in the text, and includes contributions from

background and the transitions to the ground state and

3.5 MeV region.

3,on Energy ( MeV)

FIG. 5. The solid circles are the present experimental

results and the solid square is the 90* result of Shoda
it ai. (Ref. 13). Error bars denote statistical errors only

•see text). The curves labeled HI and H2 are the results

of Helm model calculations using the code of Nagl and

Uberall (Ref. 31) and the parameters of Table III. The
points labeled Ol(cp) and 02(cp) are as calculated by

Sato, Koshigiri, and Ohtsubo (Ref. 22! 'using HM and

CK wave functions, respectively as in Fig. 4, but now
including core polarization effects.

(OVER)
U.S. CE?APTV«^N-

NATIONAL 5L-.9EAU
i'MP FCq

;

? O N3S-41*
,P € V .

T- » 4-44»
USCOMM-OC 26010* PHOTONUCLEAR DATA SHEET 5Q2



1.6

FIG. 4. The solid circles are the present experimental

results. The solid square experimental point is due to

Shoda et al. (Ref. 13). The remaining curves and points

are the results of several DWIA calculations. The curve

labeled M is the result of a calculation by Maleki (Ref.

20), the point labeled C is Cheon’s calculation iRef. 21).

and the curves labeled STD1 and STD2 are the results of

the calculation of Singham. Tabakin, and Dytman iRef.

23) using the 1979 and 1982 pion optical potentials of

Strieker et al.. respectively. The open diamond points

labeled 01 and 02 are due to Sato, Kashi gin, and Ohtsu-

bo (Ref. 22), using Hauge-Manpuu (HM) and Cohen-

Kurath (CX) wave functions, respectively.
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rep, H. Grannell, P. L. Hallowell, J. T. O'Brien, J. M. Pinn, F. J. Kline,
S. Penner, J.W. Lightbody

, Jr. , and S. P. Fivozinsky
PICNS-72

, 375 (197 2) Sendai

ELEM. SYM.

14

METHOD REF. NO.

7 2 Gr 5 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 00 D 60-120 MAG-D DST

7= 7.01, 8=8. 32 MEV

Table 1.
ll

Form Factors Squared for C 2
+

States

q. ,
a F*(q) F2 (q)

(fm-i ) (Degrees) (7-01 MeV, 2
+

) (3.32 MeV, 2*)

0.145 92.9 (7. ic t 1.78) x 10‘* —
0.671 93.2 (2.73 - 0.26) x 10" 3

(6.36 ± 1.37) x 10

0.712 92.9 (1.63 t 0.17) x 10“ 3
(1.17 - 0.21) x 10" 3

0.750 127.6 (1,51 t 0.11) x 10" 3
(1.11 t 0.23) x 10" 3

0.751 H5.9 (5.12 t 0.51) x 10* 3 (1.61 t 0.33) x 10" 3

0.790 115-6 (1.52 t 0.I5) x 10' 3
(1.15 - 0.30) x 10

-3

0.388 93-2 (5-01 t 0.50) x 10" 3
(1.51 - 0.30) x LO*

3

0.905 127.6 (6.79 - 0.68) x 10" 3 —
0.906 145-9 (6.50 t 0.65) x LO" 3

(1.71 - 0.31) x 10" 3

• T"4

Table 2. Transition Strengths and Radii for 2 Levels in C

Excitation
Energy
(MeV)

ya (c2jj r
R
tr
(fm)

M
2

(W.U.)

r ,

(eV x 10 -1

)

7.01 1.32 + 0.29 3.22 + 0.22 1.79 + 0.21 50.3 + 7-1

8.32 2.02 + 0.38 3.05 + 0.69 0.39 + 0.15 1.1 + 1.7

(over)

rORM N3S-418
REV. 7-1 A-«A>
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SEF
Lawrence Fagg
PICNS-73, VoUI, p.663 Asilomar

ELEM. SYM.

14

method REF. NO.

73 Fa 5 hog

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPG 0- 16 D 50 MAG-D 180

(50.4)

PEAKS 7. 3, 7.9, 9. 3

Fig. 12. Preliminary l2o° electron scat-
tering spectrum from 14C. Ver-
tical scale unavailable at
publication time

u.s. o
n a T I On

£?;3TM£NT3F COMMENCE
a U BUREAU OP STAN CAROS
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REF. EL EM. SYM.
i

A

F.J. Kline, H. Crannell, J.M. Finn, P.L. Hallowell, J.T. O'Brien,
C.W. Wemtz, S.P. Fivozinsky, J.W. Lightbody, Jr . and S. Penner
Nuovo Cimento 23, 137 (1974)

C 14 6

METHOD REF. NO.

74 K1 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPC 20- 24 D 61, 31 MAG-D 146

Summary. — A search for the lowest-energy T= 2 state in. 1:C has
been attempted employing inelastic electron scattering techniques. Spectra
obtained at 61 and SI MeV incident-electron energy and 143. 7° scattering

angle fail to reveal significant structure at the predicted resonance
energy. The implications of this result are discussed in terms of the
particle-hole model and the ground-state structure of the 143 analogue
of this level.

NO T=2 STATE FOUND

excitation energy (MeV)
2a 22 22 21 20

>.C. 1 r~~ - ....
|

final electron energy(Me Vi

c)

excitation energy (MeV)
2a 23 22 21 20

t

57 53 59 SO 61
final electron energy!m*v)

4)

Fig. 1. — Bin-sorted spectra of electrons scattered from WC with excitation energy

between 20.0 and 25.0 MeV. The smooth peaks shown illustrate the experimental

resolution, determined from elastic scattering, and correspond in height to the assumed

uuper limit of cross-section for the T— 2 state: o) incident energy of 61.50 MeV and

scattering angle of 145.7°, b) incident energy of S0.70 MeV and scattering angle of 145.7°.

U.S. OERARTMEN - OF COMMERCE
NATIONAL 5URSAU V? ST A N D A R C £
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^siraW: Inc^tic scut icring of

3*
*. 50. and 60 MeV electrons ,.t ISO from ~C ha, bun studied. Cro.

^ . m Tu
’n 4 'sa ‘ >UJeS in C ttltb ««tation energy less than 16 Me\ ha-.e be-.nobserved. Most of the strength is observed to be concentrated in one transition at 11.31 MeV winch

is assigned a spin and parity ot 1
* The total width cfthis state is observed to be 30? -

I 3 keV. while
i .e e.ectrom.agt’.ctic transition width is determines to oe 6.S - 1.4 eV

Tami.i 2

Measured cross sections for levels in
l

'1C

Cross section (It)'
<J cm* sri

J

37 MeV 50.5 MeV 60.5 MeV

7.01 ') 0.90 ±0.2
1-024

,61 ll 0 27
162 -0.3

7.34 2" < 0.3 0.72 rO.33 O.hh -0 4

8.32 2* < 0.3 0.66 ±0.18 I.u2 r'J24

9.80 (M 0.63 ±0.3 0 84 -0 24 1 32 -0.24

10.5 < 0.4 0T2 -0.24 0 vd r 0 3

11.31 *) 1

*
• -0 72

1
1

9>.‘ -
i ±1.20

10 98 :“‘
08

„ x
-o ax

90“
l0 87

12.97 (3.41 0.9 = 0.3 1.41 -Oh
14.67 0.9 ±0.5 0.5 T -0.3

15.11
b

) r 22.4 19.1 14.7

DWBA PWBA 1.13 1.09 1.06

*) Smaller uncertainty due to peak-area ratio measurement only. Larger uncertain!) ncludes un-

certainties due to target composition effects (

i:
C. '*C isotopic composiiioni.

*) The '*C 15.11 MeV cross sections used for normalization.

') Interpolated from the work of Cherton et at.
J
).

js : £ = a - -
•.•is - o => N2s-a 1

3
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DEFINITIONS OF ABBREVIATIONS. AND SYMBOLS

Note: In this list definitions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reactions invol ving other nuclear particles
where the symbols N (neutron) is replaced by, e.g. P, D, T, HE, A etc. Where
unknown reactions result in the production of a specific radionuclide, the

chemical symbol andmass number is listed as the reaction product, e.g. a G,NA22
reaction in 59 ^ 0 .

A alpha particle

ANAL analysis

ABI absolute integrated cross-section
data

ABX absolute cross-section data

ABY absolute yield data. Often means
cross-section per equivalent
quantum is listed.

ACT measurement of induced radio-
activity of the target

ASM asymmetric, asymmetry

AVG average

BBL bubble chamber

BEL reduced electric radiative
B ( EL) transition probability

BF3 BF3 neutron counter with moder-
ator e.g., Halpern detector,
long counter

BML reduced magnetic radiative
transition probability, B (ML

)

BREAKS levels located by "breaks" in the
yield curve

BRKUP breakup

BRMS bremsstrahlung

BTW between

C continuous. Used to describe a

photon source or a detector

response function. Contrast
with D = discrete.

CCH cloud chamber

CF compared with

CHRGD charged

CMPT Compton

COIN coincidence, coincide
COINC

COH coherent

CK Cerenkov

D deuteron or discrete. When
discrete, it is used to

describe a photon source or

a detector response function.
Contrast with C = continuous.

DLTE energy loss

DLTQ momentum transfer

DST distribution

DT BAL detailed balance

E electron

E/ inelastically scattered
electron

E+ positron

EDST energy distribution or
spectrum

E/N used only to indicate a coinci
dence experiment as in ( E , E/N

)



EMU

EXCIT

F

FMF

FM-1

FRAG

G

G/

G-WIDTH

HAD

HE

He3

I NT

INC

ION

ISOB

ISM

J

JPI
J-PI

K

N stands for any outgoing
particle measured in coinci-
dence with an inelastically
scattered electron. Distin-
guish from eg., (E,N) which is

used to represent an electron
induced reaction when only the
outgoing particle N is detected.

emulsions (photographic plates)

exci ted

kinetic energy

may be an integer or zero

that always follows a reaction
product symbol. This is used
to indicate transitions to

specific states in the residual

nuclide. When the letter is

used as in (G,NL) the cross
section given is that for the

sum of transitions to two or

more specific final states.

fi ssi on LFT excited state lifeti me

form factor

inverse femtometers

LIM limit

LV,LVS level, levels

fragment

photon

inelastically scattered photon

LQD liquid

MAG magnetic spectrometer

MEAS measurement! s

)

gamma-ray transition width

hadrons, hadron production

MGC magnetic Compton spectrometer

MGP magnetic pair spectrometer

^He particle MOD

interaction, integral,
i ntensi ty

i ncl udes

ionization chamber

i sobaric

i somer

multiplicity of particle
defined by following symbol

e.g. ( G , PJ N ) with remark

J = 2, 3, 5,

7

spin and parity of a nuclear
state

second multiplicity index, e.g.

( G ,JPKN ) with both J & K posi-
tive integers greater than 1

MSP

MULT

MU-T

N

moderated neutron detector not
employing a BF 3 counter, e.g.

rhodium foil, Szi 1 ard-Chal mers
reaction, ^He, 6 Li reactions,
GD loaded liquid scintillator,
etc.

mass spectrometer

multiple, multi pole, multiplicity

used only in combination with G

to indicate a total photon
absorption cross section measure-
ment, i.e. ( G , MU-T

)

neutron (see also XN and SN).

The notation ( G , N ) is used to

i ndi cate a reacti on i n whi ch only
a single neutron is emitted, i.e.
the reaction that can, in many
cases, be measured by observing
the radioactive decay of the
residual nuclide.
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nN where n is any integer. (G,nN) SN sum of neutron producing

indicates the sum over all reactions, a( y,SN)=a(y,N)

reaction cross sections in which + a(y,NP) + cr (y ,2N ) + a(y,3N)

n neutrons are emitted. + etc.

NAI Nal(Tl) spectrometer SPC photon or particle energy

spectrum

NEUT neutron(s)
SPK spark chamber

NOX no cross-section data
SPL spallation

P proton (see also XP)
STAT stati stical

PART parti cl e( s)
SYM symetric, symmetry

PHOT photon(s)
T triton

PI pi on, usually written as PI+,

PI-, PIO to indicate charge TEL counter telescope

POL polarized or polarization THR threshold for reaction or

threshold detector, e.g., '

Q-SQUAR momentum transfer squared (q
2

)

29 Si(n,p) 29 Al.

RCL* recoi 1 TOF time-of-fl ight detector

REL relative TRK tracks of particles or frag-
ments observed in solid

RLI relative integrated cross- materials (glass, mylar, etc.)

section data
TRNS transi ti on

RLX relative cross-section data
UKN unknown

RSP reaction spectrometer UNK

RLY relative yield data VIB vi brational

SCTD scattered VIR PHOT virtual photon(s)

SCD semiconductor (solid state) XN all neutrons, total neutron

detector yield, a(y,XN) = a(y,N) + 2a
(Y ,2N ) + 3a(y ,3N ) +a(y,NP) + etc

SCI scintillator detector other than

Nal , e. g. ,
Csl , KI ,

organic XP all protons, total proton yield

TTTquid or solid), stilbene, He a (Y,XP )
= cr(y

5 P )
+ a(y,NP) +

2a(y,2P) + etc.

SEP separati on
XX reaction products defined in

SEP ISOTP separated isotope used XXX REMARKS

SIGMA (cross section) ^LD yield
SIG



4PI a 4 tt geometry was used or a

method like radioactivity or a

total absorption measurement

999 energy defined in REMARKS * or 0

$ indicates the measurement
involved beams or targets
that were either polarized
or aligned, or that the polar-
ization of the reaction

products was determined.
The polarized particle is

indicated in REMARKS.

symbols used to indicate that
the units associated with the
numerals on one or both sides
of the symbol in a specific
column are not MeV. The units
are defined in REMARKS.
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